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ABSTRACT 

Today*  in  most  shi cboard  Combat  Information  Centers* 
true  motion  dots  of  own  ship's  motion  and  or 
surface/subsurface  contacts  are  provided  with  the  ain  of 
electromechanical  devices  like  the  (lead-reckoning  tracer 
("DRT")  or  the  N C - 2 plotter.  These  devices  suffer  a variety 
of  drawbacks*  such  as  inflexibility  and  the  need  to  " t " a c k " 
the  liqht-soots  manually.  This  thesis  has  deve’ooed  a 
flexible*  labor-savinc*  true-motion  plotter  usinq 
contemporary  m i c roc omou t e r and  plasma  display  t ec hno 1 on i e s . 
An  automatic  display  of  contact  data*  analogous  to  the 
plexialass  "surface  status  board"  is  also  provided.  Contact 
course*  soeed  and  CPA  information  are  computed  automatically 
and*  unlike  the  DRT  or  the  NC-2  plotter*  bo^h  the  geographic 
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INTRODUCTION 


A Moidl  v levp'ODinci  and  » v o a n d i n n area  of  cone  u t e r 
technology  and  aool icat ion  is  t^af  of  m i c roorocessors i 
oaral lei inq  the  advances  in  m i c r oo r oc es s o r technology/  the 
manufacturers  of  graphic  disci  ays  are  ma<ing  steady  oroaress 
in  exoandinci  their  local  capability,  while  at  the  sane  tine 
reducing  their  cost. 

Because  a siani f icant  portion  of  the  cost  of  building  or 
maintaining  a warship  is  the  electronics  in  its  sensor  and 
weapons  systems/  and  because  a areat  amount  of  time  ana 
personnel  power  is  employed  in  performing  simple  but 
important  tasks/  microcomputers  offer  the  potential  to:  fl) 
reduce  the  cost  of  digital  systems/  (2)  perform  some  co~ole* 
functions  at  remote  stations/  relieving  the  conaest ion  at 
larger  central  computing  facilities/  and  (3)  perform 
functions  currently  handled  by  watch  personnel/  thus 

reducing  the  manning  reauirements  of  fcatch  sections.  An 

! 

example  of  this  is  the  oroolem  of  manual  V racking  of  radar 
contacts  and  the  solution  of  Maneuvering  Board  problems. 

It  is  the  purpose  of  this  thesis  to  demonstrate  that  an 
alternate  approach  to  the  solution  of  the  problems  mentioned 
above  can  be  develooec  and  implemented  bv  using  a 
microcomputer  plasma  grachics  system/  while  at  the  same  time 
maintaining  a human  engineered  user  interface. 
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II.  INTRODUCTION  TO  THE  PROBLEM 

On  hoard  naval  shirs  not  eauiooed  w 1 t n Naval  Tactical 
Data  Systems  ( N T D S ) * ooerat ions  performed  by  the  Combat 
Information  Center  (CIC)  durino  a normal  Deacetime  watch 
include  manual  tracking  of  radar  contacts  and  solution  of 
maneuvering  board  oroblems. 

A.  USUAL  COMBAT  INFORMATION  CENTER  OPERATIONS 

During  normal  oeacetime  steaminq,  th»  CIC  watch  team  may 
consist  of  from  two  to  ten  or  even  more  oer sonnet*  depending 
on  the  size  of  the  shio  as  well  as  on  the  complexify  of  the 
eauiDment  being  used. 

Amona  the  oronlems  that  are  normally  solved  by  CIC 
personnel*  special  mention  needs  to  be  made  of  those  of 
plotting  contacts  and  the  determination  of  parameters  such 
as  course*  speed  and  closest  point  of  approach  (CPA)  of 
those  contacts.  This  is  a tedious  and  error-prone  task;  it 
often  requires  most  of  the  time  and  effort  of  the  CIC  team* 
and  it  is  vitally  important  to  the  safety  of  the  ship.  This 
has  lead  to  the  installation  of  equipment  to  reduce  the 
amount  of  workload  in  the  CIC  while  at  the  same  time 
improving  the  reliability  of  the  constant  information 
provided  to  the  bridge!  this  equipment  includes  dead- 
reckoning  devices  and  the  NC<?  plotter. 


B.  MANEUVERING  BOARD  PLOTTING  SHEETS 

The  primary  responsibility  of  CIC  is  to'  provide 


information  and  recommencations  on  the  tactical  situation. 
Accordingly#  CIC  must  suooly  information  on  all  surface 
contacts  within  range.  Contact  course,  speed  and  CPA 
information#  is  usually  found  using  me  "v>aneuvering  Board" 
olottinq  sheets. 

The  Maneuvering  Boaro  plotting  sheet  (n.  0.  2 o b 5 - 1 0 ) has 
been  prepared  in  order  to  facilitate  the  solution  of  a 
shio's  relative  movement  problem. 

Although  the  use  of  the  Maneuvering  Board  becomes  after 
some  practice#  straightforward#  it  will  normally  reouire  the 
complete  attention  of  one  oerson  during  CIC  ooerat ions. 

C.  DEAD-RECKONING  EQUIPMENT 

Dead-reckonina  equipment  is  an  important  device  in  CIC. 
It  can  maintain  a continuous#  up-to-the-minute#  geographic 
plot  of  own  shio's  motion. 

The  dead-reckoning  system  consists  of  the  following 
basic  components:  (1)  deao-reckoninq  analyzer  (DRA),  (2) 
dead-reckoning  indicator  (DRI)#  and  (3)  dead-reckoning  trace 
(DRT)#  which  are  shown  in  Figure  No.  1.  Course  and  speed 
inputs  from  the  own  shir  are  fed  into  the  DRA  from  the 
gyrocompass  and  pi toneter  log*  and  then  to  the  DRT#  where 
they  cause  a movable  source  of  light  to  trace  the-  ship's 
track  continuosly. 

The  chief  value  of  fe  DPT  is  its  use  in  analyzing  shin 
movements  and  in  planning  and  carrying  out  maneuvers.  As  a 
qeograohic  plotting  device#  the  DRT  disolavs  true  courses 
and  allows  direct  computation  of  true  contact-  speeds. 

1 3 


Marking  oosi t i ons  of  the  hug  indicates  true  oosi t ions  of  own 


ship*  connecting  these  dotted  oosi  t ions  yields  the  ship's 
track.  Dlotting  rsnqes  and  bearings  of  contacts*  using  own 
ship's  POSitionS  as  r«f»r»nc»s,  “Stahl isnes  their  true 
positions.  An  experienced  Off  T operator  can  maintain 
simultaneous  plots  of  as  many  as  half  a dozen  contacts* 
meanwhile  supplying  essential  data  (as  reauired)  on  contacts 
that  are  being  plotted. 

A problem  that  is  present*  especially  in  Anti  Submarine 
warfare  (ASw)*  is  that  of  plotting  fast  novinq  ships*  and 
t i qhfturni  ng  submarines*  which  normally  results  in  confused 
and  inaccurate  DRT  plots.  In  order  to  help  solve  these 
problems*  as  well  as  to  reduce  inconvenient  celavs  in 
plotting  contacts  because  of  information  relayed  through 
phone  talkers*  the  USN  Mfc  M C 2 plotting  system  (Canadian  DRT) 
was  developed.  The  NC2  plotter  consists  of  three  major 
units:  (1)  the  plotting  table*  (2)  the  dead-reckoning 
indicator*  and  (3)  data  converter. 

The  main  difference  between  the  NC2  plotting  system  and 
the  DRT  is  that  the  NC2  plotting  system  is  capable  of 
receiving  contact  bearing  and  range  information  directly 
from  four  sources  (usually  3 radar  repeaters  and  the  sonar). 
This  information  is  then  translated*  arg  presented  as 
colored  Points  of  light  in  the  plotting  tab!**.  A functional 
diagram  of  the  NC2  plotting  system  is  presented  in  Figure 
No . 2 . 
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RECENT  MICROPROCESSOR  TECHNOLOGY  ADVANCES 


Recent  advances  in  the  field  of  larae-scale  integration 
(LSI)  semiconductor  orocess  technol onv  have  made  possible 
substantial  reductions  in  the  cost  and  size  of  digital  logic 
circuits.  In  the  last  decade,  comouter  system  building 
blocks  have  orogressed  from  discrete  components  to  complex 
integrated  circuits.  Microprocessors  represent  a very 
remarkable  achievement  of  enoineerina  ingenuity  and 
industrial  know-how  at  their  best. 

Composed  of  miniaturized  software-encoded  chips  and 
minimal  hardware  circuitry,  the  microcomputer,  a digital 
comouter  usina  microprocessor  logic/  is  ideally  adapted  to 
specialized  tasks  and  applications. 

Since  19  7 3,  the  year  in  which  INTEL  Corporation  shipped 
the  first  8080  8-bit  N-channel  microprocessor/  a number  of 
manufacturers  have  developed  similar  oroducts  and  because  of 
this  competition  prices  have  been  drastically  lowered.  With 
hardware  and  software  system  development  costs  as  they  are, 
much  micro  work  is  done  on  a custom  basis.  The  greatest 
advantage  of  microcomputer  based  systems  is  the  ability  to 
have  specialized  'and  dedicated  equipment  solving  specific 
problems. 

At  the  same  time  peripheral  eauioment  has  also 
experienced  major  changes,  oerhaos  most  dramatically  in 
graphic  displays.  The  cathode  ray  tube  (CRT)  is  the  most 
common  device  because  of  its  high  performance,  low  cost / and 
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quality 


A relatively  new  graphic  device  is  the  Plasma  Display.  A 
plasma  panel  is  two  etched  olass  plates  separatee  by  a 
neon-based  aas  which  glows  when  exc i tea  by  an  electric 
pulse.  The  display  consists  of  a series  of  bright  dots  that 
can  be  formatted  into  alphanumeric  and  graphic  symbols. 
Plasma  panels  do  not  require  refresh  procedures  and  once  a 
particular  point  on  the  oisolay  is  "turned  on",  it  continues 
to  glow  until  "turned  off". 

The  simplicity  of  construction  of  the  plasma  panel 
suggests  that  it  can  potentially  replace  the  CRT  for  many 
computer  qraphic  applications.  In  its  current  state  of 
development,  it  presents  the  following  advantages:  (1)  it 
presents  a sharper  imaqe  that  does  not  deteriorate  with  time 
(does  not  need  to  be  refreshed),  (2)  it  has  a reliable 
selective  erasure  mechanism,  (l)  its  power  requirements  are 
comoarat  i ve  1 y low,  ( <1 ) it  has  a lonqer  expected  life  time, 
and  (5)  it  occupies  less  space.  Some  d i sadvan t ages  are:  (1) 
lower  resolution,  (2)  relatively  slow  write  and  erase  rates, 
and  (3)  no  "real"  gray  scale  (Ref  11). 

As  0.  Babin  and  R.  Seaman  have  shown  [Ref.  11,  it  is 
possible  to  combine  the  advantages  and  convenience  of  low- 
cost  mi c rocomputer  systems,  with  the  powerful  technology  of 
plasma  displays,  thus  having  a complete  microcomputer 
development  system  with  graphics  capability. 

The  purpose  of  this  thesis  was  to  demonstrate  the 
applicability  of  a simple  and  inexpensive  microcomputer 
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plasma  graphics  system  to  Navy  functions  and  proolems# 
specifically  as  an  alternate  aooroach  to  the  solution  of 
CIC's  most  common  problems#  and  to  show  that  it  is  possible 
to  design  and  develop  a human  engineered  user  interface. 


IV.  CONCEPTUAL  DESIGN 


Microprocessor  technology  can  be  used  to  solve 
Maneuvering  Board  problems  and  to  present  a geoaraoh i e a 1 
dot  of  own  ship  and  contact  positions. 

In  order  for  such  a system  to  be  competitive  with 
existing  equipments  the  following  requirements  should  be 
fulfilled: 

1.  Relatively  inexpensive  acquisition  and 
maintenance  costs. 

2 . Reliable  and  widely  available  components. 

3.  Soeed  and  accuracy  in  performing  necessary 

calculations. 

4 . Human  engineered  user  interface. 

5.  Flexibility  in  its  use. 

6.  Capacity  of  displaying  a geographic  plot  of  the 
own  ship  and  contacts/  while  maintaining  at  the  same  time/  a 
constant  update  of  the  own  ship's  position. 

7.  Capacity  to  solve  Maneuvering  board  problems 
such  as  the  determination  of  CPA  information,  and 
calculation  of  course  ana  speed  values  for  the  contacts. 

8.  Operation  of  the  proposed  system  should  not 
require  more  people  than  the  current  methods. 

It  was  with  these  objectives  in  mind  that  the 

m i c rocomou t e r system  described  below  was  designed. 


A 


HARDWARE  DESIGN  CONSIDERATIONS 


The  equipment  selected  to  implement  the  system  described 
in  this  thesis  was  chosen  because  it  was  available  at  the 
Naval  Postgraduate  School/  and  was  representat i ve  of 
commercially  available  microcomputers  and  ol asma  display 
technologies.  The  selection  of  the  INTEL  Microcomputer 
Devel eopment  System  (MDS)  comouter  as  the  prototype  for  this 
project  was  made  because  of  its  immediate  availability  at 
the  Naval  Postgraduate  School  and  because  0.  Babin  and  R. 
Seaman  (Ref  11  had  already  interfaced  the  MDS  with  a plasma 
display  (the  AN/UYO-IO  Plasma  Display  Set/  manufactured  by 
SCIENCE  APPLICATIONS  INC  (SAI)). 

Two  features  of  the  MDS  system  that  were  especially 
useful  were:  (1)  the  8-level/  nested  interrupt  priority 
resolution  network/  and  (2)  the  real-time  clock  logic/  used 
to  maintain  a real  time  clock  value  by  means  of  generating 
an  interrupt  at  0.77  millisecond  intervals. 

A DATAMEDIA  Elite  2500  Video  Terminal  was  chosen  to 
present  alphanumeric  information/  because  its  features 
included:  (l)  editing  anc  roll  operation  modes/  (2)  50  to 
9o00  baud  programmable  speed  transmission/  (3)  protected 
fields/.  ( 4 ) computer  derived  or  high  light  field  (blink)/ 
(5)  addressable  cursor/  and  (6)  provision  to  drive  up  to  1 1> 
external  monitors. 

Because  of  the  volume  of  floating  point  calculations 
reauired/  an  SBC  310  High  Speed  Mathematics  Unit/  developed 
by  Intel  Corporation/  was  i ncoroorated..  In  performing  hiah- 
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s o e e d mathematical  functions,  the  Math  Unit  acts  as  an 
intelligent  processor,  performing  a repertoire  of  up  to  10 
arithmetic  functions  at  least  an  order  of  magnitude  faster 
than  comparable  software  routines. 

Figure  Mo.  3 snows  the  final  confiauration  of  the 
equipment  used  in  developing  this  thesis. 

B.  SOFTWARE  DESIGN  CONS  I DE R A T I QNS 

1.  Language  Selection 

Because  of  the  hardware  configuration  selected  ana 
its  immediate  ava i 1 ab i 1 i t v » PL/M  BO  was  chosen  as  the 
proqramminq  language  to  be  used.  PL/M  80  is  a I anauaqe 
develooed  by  Intel  Corooration  and  designed  especially  for 
system  and  applications  proqramminq  for  the  Intel  8080 
m i c r oo r oc e s so r . The  ISIS-II  disk  operating  system,  also 
developed  by  Intel  Corporation  for  the  Intellec  MDS  system, 
has  a resident  PL/M  80  compiler,  which  was  very  useful 
during  the  implementation,  debuqging  and  testinq  phases. 

2.  Floatinq  Point  Arithmetic 

Floating  point  arithmetic  was  required  because  the 
range  of  numbers  to  be  represented  was  larqe  and  sometimes 
unpredictable.  The  format  used  to  represent  floating  point 
numbers  was  as  reauired  by  the  SBC  310  High  Speed 
Mathematics  Unit.  Apoendix  0 shows  how  this  unit  was 
actually  implemented  and  the  reauired  software  procedures 
that  are  needed  to  use  it.  The  functions  that  were 
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i ipo  I emen  t a t i on  ourDoses. 


FIGURE  NO.  3 EQUIPMENT  CONFIGURATION 
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implemented  and  the  execution  times  are  listed  in  Table  I. 

3.  Transcendental  Functions 

Three  t r a n sc enden t a 1 functions  mere  also 

i mo  1 emen t ed » namely:  (1)  cosine  of  a qiven  anal e in  ram  ansi 
(<?)  sine  of  a aiven  angle  in  radians#  and  f 3 ) arc  taroe^t  of 
the  ratio  of  two  incut  parameters.  These  functions  were 
implemented  based  on  the  procedures  in  Reference  A » usinq 
floating  ooint  proceaures.  Appendix  A describes  the 
alaorithms  used. 

4.  Oesign  Philosophy 

The  system  was  designed  with  the  following  three 
specific  objectives  in  mind: 

a.  Human  engineered  user  interface. 

b.  Capability  to  display  a oeoqraohic  plot  of  the 
own  ship  and  contact  positions. 

c.  Capability  of  solvinq  Maneuvering  Board 
problems#  specifically  the  determination  of  CPA  information, 
course  and  speed  values  of  all  contacts. 

In  order  to  achieve  these  objectives#  a bottom-uo 
implementation  Philosophy  was  chosen.  Because  of  the  modular 
design  encouraged  by  PL/M  80  and  ISIS-II#  it  was  al^o 
possible  to  mao.  the  different  levels  of  design  -into 
corresponding  modules  of  software.  The  basic  idea  was  to 
encompass  all  functions  corresponding  to  a level  of  design 
into  one  software  module  capable  of  performing  all  the 
necessary  functions. 


In  doing  so#  the  following  modules  were  developed:- 


! OPERATION 
! NAME 

OPERATION 

CODE 

TYPICAL 
FXECUT ION 
Time 

MAXIMIUM  ! 
EXECUTION  ! 
TIME  1 

! Fixed  Point 
! Multiply  ( M U L ) 

0 

IS 

1 

t 

2 0 ! 

• 

! Fixed  Point 
! Divide  ( D I V ) 

1 

2o 

30  i 

1 

! Extended  Fixed 
! Point  Div(EDIV) 

E 

89 

1 

1 

100  ! 

1 

' Float.  Point 
! Multiply  C F MUL ) 

2 

8 9 

1 

• 

ioo  : 

i 

! Float.  Point 
! Divide  ( F D I V ) 

5 

92 

i 

i 

110  ! 

1 

1 Float.  Point 
| Add  (FADD) 

a 

33 

75  ; 

1 

! Float.  Point 
! Subtract  ( F SUB ) 

5 

33 

75  : 

1 

1 Float.  Point 

1 Square  ( F SQP ) 

b 

89 

1 

« 

100  i 

1 

! Float.  Point 
! Sqr  Root  ( FSQR  T ) 

7 

1 78 

l 

1 

205  1 

1 

! Fixed-to-Float 
! Cnvrsion(FLTDS) 

8 

72 

( 

1 

1 

100 

1 

! Float-to-Fixed 
! Cnvrsion(FIXSD) 

9 

92 

85  : 

1 

! Float.  Point 
! Compare  (FCMPR) 

A 

7 

1 

1 

1 

7 : 

i 

! Float.  Point 
! Test  (FZTST) 

B 

7 

i 

« 

i 

7 . ! 

1 

! Exchange  (EXCH) 

F 

a 

1 

a : 

1 

• 

Note:  all  time  values  are  specified  in  m i c r o sec ond s . 
Listed  times  do  not  include  time  to  oass  arquments  to 
the  Math  Unit  and  to  read  results  uoon  completion:  this 
is  typically  90  microseconds. 

table  i.  math  unit  functions  and  execution  times 
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a.  BASICS:  a mccule  used  to  interface  the  system 
with  the  C R T / ke  vboa  r d . 

b.  PLASMASPPIMITIVES:  a module  used  to  interface 
the  system  with  the  Plasma  Display  unit. 

c.  TIME:  a module  used  to  oerform  all  functions 
dealing  with  time,  ana  also  to  keep  a real  time  clock  for 
the  system. 

d.  FLOAT INGSPOINT : a module  used  to  perform  all  the 
necessary  floating  point  operations/  and  to  calculate  the 
transcendental  functions  already  described. 

e.  FLTASCII:  a module  used  to  make  the  necessary 
conversions  from  a string  of  ASCII  characters  into  floating 
point  format/  and  vice  versa. 

f.  CPT : a module  used  to  display  all  the  necessary 
and  rea vested  values  in  the  CPT. 

g.  PL ASMA JMODULE : a module  used  to  display  all  the 
necessary  graphic  information  in  the  Plasma  Display  unit. 

h.  COMMANDS : a module  used  to  interface  with  the 
user  to  get  reguested  input  values. 

i.  DISPLAYS CMDS:  a module  used  to  display 

information  reouested  by  the  user/  in  the  CRT. 

j.  CPASMODULE:  a module  used  to  calculate  and  solve 
all  CPA  values  and  problems. 

k.  EXECUT I VESCMDS : a module  containing  all  the 
necessary  procedures  to  link  all  the  other  modules'  actions. 

l.  MAIN:  a module  used  to  serve  as  executive  module 


of  the  System  by  combining  all  the  different  functions  of 


r 1 ti 

the  already  described  mooul es. 

Appendix  H describes  all  these  modules  in  more  details 
while  Aooenoix  E lists  all  the  programs  that  compose  the 
system;  Appendix  A dsscrioes  all  tne  main  algorithms  used  in 
the  system*  and  Aooencix  C contains  an  Operator's  Manual 
giving  instructions  on  how  to  use  the  system. 


5. 

User  Interface 

This  is  the  aspect 

i n 

which 

most  systems 

fail. 

because 

of  the  complexity  of 

t he 

o rob  1 em 

of  trying  to 

define 

what  an 

"average  user"  is  in 

any 

system. 

and  in  try 

i ng  to 

encompass  all  the  possible  ways  i 

in  which 

a user  could 

react . 

It  is  therefore  necessary  to  define  boundaries  in  how  the 
system  is  expected  to  interact  with  the  user,  while  at  the 
same  time  providing  an  acceptable  range  o * variations. 

One  of  the  features  that  becomes  i ndi soensab 1 e when 
interacting  with  a human  operator,  is  error  detection  and 
notification  as  soon  as  possible,  and  the  capability  of 
allowing  the  user  to  correct  his  own  mistakes  either  when  so 
told  by  the  system,  or  when  he  discovers  the  mistake  by 
himself.  Special  care  was  taken  in  this  aspect,  as  is 
explained  below. 

One  decision  that  was  taken  durina  system  design  was  to 
reduce  to  a minimum  the  number  of  keys  that  the  operator 
would  have  to  press  when  entering  data.  This  implied  that  no 
special  character,  such  as  carriage  return,  would  be 
necessary  to  mark  the  enc  of  an  input,  but  this  also  meant 
at  the  same  time  that  the  input  would  have  to  be  done  in  a 
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p r e - f or  ma 1 r ed  wanner.  The  destan  choice  of  aoinq  all  inputs 
in  a o r e - f o r ma t t ed  wav#  was  reinforced  by  the  fact  that 
personnel  in  a CIC  team  are  used  to  communicate  with  each 
other  usina  a pr»-aef i nee  t e r~ i no ' pov  . That  is.  if  the  value 
of  the  course  of  a contact  is  030  degrees#  then  when 
communicating  this  value#  the  word  "thirty"  is  not  used  but 
instead  the  message  "zero"#  "three"#  "zero"  is  given. 

6.  Levels  of  Correctness 

As  was  established  before#  it  is  very  important  for 
a system  that  depends  almost  completely  on  the  correctness 
of  the  inout  values  that  it  receives,  to  ensure  that  all  the 
input  values  received  fall  into  an  acceptable  range  of 
variation#  and  within  logical  and  plausible  limits? 
furthermore#  the  capability  of  error  correction  should  also 
be  embedded  in  the  system. 

To  achieve  all  of  this#  the  system  was  designed  to  have 
up  to  si*  levels  of  error  detection  and  correction: 

a.  The  first  level  is  established  by  checkinq  for 
invalid  requests  from  the  user,  such  as  askinq  for 
information  about  a contact  when  no  contacts  are  in  the 
system?  if  this  error  occurs#  a warninq  messaoe  is  issued. 

b.  The  second  level  of  error  detection  is  done  by 
checking  each  character  received  from  the  keyboard#  to 
determine  if  it  has  some  meaning  to  the  system.  A,n  example 
of  this  would  be  when  trying  to  inout  an  alphabetic 
character  in  a numeric  defined  field;  if  an  error  of  this 

then  the  CffT’s  alarm  will  sound  and  the 

2 8 


type  is 


detected# 
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character  will  nor  be  echoed  at  the  display. 

c.  The  third  level  is  established  by  checking  a 
svntact ical I y correct  input  aaainst  established  boundaries 
for  the  tyoe  of  inout  oeina  expected.  An  p»a»nl»  of  tris 
would  be  when  a value  cf  7Q  is  received  when  requesting  an 
HOURS  value;  since  79  lies  outside  the  boundaries 
established  for  HOURS  (0  <=  HOURS  < 24)  then  an  error  has 
occurred?  thus#  a warning  message  will  be  issued#  the  CRT's 
alarm  will  sound#  the  value  will  not  be  acceoteo  nor 
processed  by  the  system#  and  the  cursor  will  be  placed  at 
the  beginning  cf  the  incorrect  value#  the  warning  messaqe 
will  regain  on  the  screen  until  the  mistake  is  corrected. 

d.  The  fourth  level  occurs  after  all  input  has  been 
received  from  the  keyboard#  by  diving  the  user  the  Chance  to 
correct  any  value  just  innut. 

e.  The  fifth  level  is  obtained  by  making  the  system 
do  all  the  necessary  prompting  in  a p r e*de t e r m i ned  format. 


This  eliminated  the  problems  that  occur  when  more  or  less 
data  than  necessary  is  provided  to  the  system. 


f . The 

sixth 

level 

i s 

car r i ed  out  by 

a 1 1 ow i nq 

the 

user  to  change 

any  cur  rent 

Own 

shin  or  contact 

value  at 

any 

time. 

All  these 

levels 

of  correctness  are  ensured 

any  time 

an 

i npu  t one  r a t ion 

takes 

place 

. it 

i s i mpo  r t an  t to 

note  that 

no 

provision  for 

va 1 ues 

that 

are 

syntactical  1 y 

correct 

and 

within  established  boundaries#  but  incompatible  with 
previous  data  and  logically  incorrect  with  the  present 
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situation*  could  be  provided  because  o f the  many  parameters* 
variables  and  special  situations  that  could  be  involved  at 
any  ai ven  time. 

Obviously*  the  use  of  so  many  chec^ina  nrocedures  adoed 
a considerable  amount  of  overhead  to  the  system*  as  far  as 
amount  of  code  is  concerned*  however*  sufficient  core  was 
available*  and  execution  speed  was  not  significantly 
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SYSTEM  DESCRIPTION 


The  nesc  r i p t ion  of  the  is  divided  into  three 
major  areas:  hardware  dependencies*  system  characteristics* 
and  data  structures. 

A.  HARDWARE  DEPENDENCIES 

Because  of  the  hardware  eouipment  that  was  selected  the 
following  hardware  dependencies  exist  in  the  current 
implementation  of  the  system: 

1.  The  system  utilizes  the  real  time  clock  logic  as 
provided  by  the  MRS  system;  this  clock  is  capable  of 
generating  an  interrupt  of  level  1*  when  enabled*  at  fixed 
intervals  of  0.77  milliseconds.  In  order  to  be  able  to  use 
this  feature*  a procedure  named  CLOCK  was  implemented  and 
defined  to  be  of  type  INTERRUPT  7;  this  allowed  the  PL/V  BO 
compiler  to  create  the  necessary  code  for  the  interrupt 
vector  ano  for  the  routine  CLOCK.  A software  problem  needs 
to  be  explained  at  this  point;  since  the  development  of  this 
system  was  done  under  ISIS-II*  the  CLOCK  procedure  had  to  be 
defined  as  if  occurinq  at  a level  other  than  0,  l or  2 (in 
this  case  7 ) * . because  ISIS-II  would  not  allow  any  user 
generated  code  to  be  located  below  memory  location  3000H* 
except  for  code  to  be  used  in  interrupts  3 through  7,  or 
locations  21*  to  63;  since  the  clock  interrupts  are  of  level 
1 (locations  8 through  15),  then  in  order  to  override  this 
ISIS'”!  I inconvenience*  the  interrupt  vector  generated  for 
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CLOCK,  as  starring  in  location  56  ( I eve  I 7),  had  to  be  moved 
to  location  8 (level  1),  after  locating  the  system  code  in 
memory,  ana  before  attempting  to  use  the  real  time  clock/ 
References  6,  7 ana  9,  describe  this  nroblem  in  more  detail. 

2.  The  system  occuoies  aoo r o x i ma t e 1 y 40K  bytes  of 
physical  memory  for  code,  and  approximately  12K  bytes  to  be 
used  for  variable  data;  therefore  a corf iauration  of  at 
least  5<?K  bytes  of  RAM  is  necessary  to  execute  the  system. 

3.  The  system  utilizes  an  SBC  31U  High  Speed 
Mathematics  Unit  to  perform  floating  point  arithmetic. 
Althougn  the  presence  of  this  Math  Unit  could  be  avoided  by 
replacing  its  functions  with  appropriate  software  routines 
performing  the  same  operations  usina  the  same  formats/  this 
is  not  recommenaed  because  of  the  excessive  overhead  trat 
would  result/  especially  with  regard  to  execution  time. 
Appendix  D explains  how  the  Math  Unit  was  actually 
i mo | emen  t ed . 

4.  The  system  denenas  in  three  ways  on  the  type  of 
terminal  used:  the  handshaking  procedure  necessary  to 
communicate  between  the  CPU  and  the  terminal/  the  code 
needed  to  control  the  CRT's  functions/  and  the  general 
features  of  the  DATAME.RIA  Elite  ?S00  Video  Terminal 
notably  the  programmable  roll  mode / the  setting  of 
privileged  fields/  the  capability  of  having  an  addressable 
cursor,  and  the  possibility  of  making  displayed  messages 
b 1 ink. 

5.  Finally/  the  system  has  a hardware  dependency  with 
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resoect  to 


the 


Plasma  C i s o 1 a y Unit  selected 


in  three 


r espec  t s : 

t he  handshak i na 

procedure 

necessary 

t o 
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characters 

t o 
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Display 

Unit; 

the  code 

used 

t 0 
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t he 

PI 

asma 

P i so  1 

^ V 

Unit 

functions; 

and 

c aoab i 1 i tv 

o f 

the 

PI asma 

D i so  1 

ay 

Unit  of 

working  e 

i t h e r 

i n 

alphanumeric  or  in  vector  mode.  The  S A I Plasma  Display  Unit 
has  a built-in  capacity  to  draw  solid  or  dashed  vectors  by 
soeci  fyinq  the  two  end  points  defining  the  vector. 


H.  SYSTEM  CHARACTERISTICS 

As  was  established  before#  the  system  was  designed  to 
perform  basically  the  same  functions  as  Dead-rec kon i nq 

equipment#  while  addinq  the  capability  of  simultaneously 

solvinq  maneuvering  board  problems.  The  system,  as 
implemented  in  this  thesis#  is  capable  of  performing  the 
following  tasks: 

1.  Maintain  as  many  as  30  positions  of  the  own  ship; 

maintain  as  many  as  15  positions  for  each  contact# 

for  as  many  as  15  different  contacts. 

2 . Maintain  and  present  a oeoaraohic  plot  of  own 
ship  and  contacts. 

3.  Maintain  and  display  a Surface  Status  Board. 

u.  Solve  the  followina  Maneuvering  Board  problems:  (a) 
CPA  information,  and  (hi  course  and  speed  of 

contacts. 

5.  At  user's  request#  prompt  for  necessary  inputs  and 
update  the  displays,  if  applicable. 

. At  user's  request#  display  all  the  information  that 
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6 


e x i sts 


in  the  system 


in  a o r e -e s t ab 1 i s h ed  format 


7.  Update  automatically  the  oosi  t ion  of  tre  own  ship, 
by  using  its  course  and  soeeo  values  with  a 
frequency  soec  i f i »ri  hv  rhe  user. 

8.  Maintain  a Real  lime  Clock. 

All  the  above  tasks  are  performed  oy  the  system,  either 
automatically  or  at  user's  request  . Some  Darameters  need  to 
be  defined  durina  svstem  initialization;  these  oarameters 
are; 

1.  Time  zone  number. 

2.  Local  time  at  which  the  system  is  started. 

3.  Latitude  and  longitude  values  defining  a selected 
geographical  ooint  to  he  used  as  center  of  a 
Coordinated  Grid  system  useo  mainly  for  olottina 
ourposes  and  as  a reference  to  determine  positions 
of  the  own  shio  and  contacts. 

4.  Latitude  and  longitude  values  defininq  the  starting 
position  of  the  own  ship. 

5.  Initial  course  value  of  the  own  shin. 

6.  Initial  soeed  value  of  the  own  snip. 

7.  Initial  scale  value  for  the  Plasma  Display  Unit. 

The  system  also  has  two  oarameters  with  initial  default 
values;  (I)  the  Safe  CPA  Range  set  at  50  yards,  and  (2)  the 
interval  of  time  between  updates  of  the  own  ship's  positions 
is  set  at  180  seconds.  Any  parameter  in  the  system  can  be 
chanaed  at  any  time,  with  the  exception  of  those  parameters 
that  define  the  boundaries  of  work  of  the  system;  these 
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f »*eo  values  a^e: 


1.  ua*ivu»  rdn ~e ‘ 100.0  mi  1 e s . 

2.  soe»o:  knots. 

3.  \u-*-e,“  o*  us»i  »o  oesiar'a^e  a csrtact:  ?. 

■a.  ^ini*u«  scale  value:  00.?S  *i  l»s/inc". 

5.  «sii*ui»  scale  value:  2 5.39  niles/inc*'. 

6.  Zero  defined  for  the  syste»: 

- 0.0000009  c - “zero"  < - ♦0.0006090  (For  floats  no 
point  number s only.) 

7 . Wins ffu1*  Sate  CPA  Panae  va  1 ue : SO  varrss  - 

P.  tasitu*  Safe  CPA  Pange  value:  I00C  yards. 

fable  II  describes  t*»e  formats  used  for  snout#  internal* 
ang  outcut  represent  at i on  o*  the  values  •if  «hich  the 
ststen  operates#  as  —ell  as  the  units  used#  Table  III  gives 
t^e  conversion  factors  used  in  tn«  system. 

1.  Syste«  Displays 

As  -as  stated  oreviouslv#  the  s»ste*  tairtains  t -o 
different  displays:  a Video  Terminal  cresems  a Surface 
Status  Qoard  and  interactions  -it*»  the  user#  ana  a Plasma 
O'  sc1  a v oresents  a geographic  plot  of  the  oositiors  of  o**n 
shso  and  contacts. 

a.  Video  Terminal  Oisolav 

Figure  *io.  « presents  a picture  of  ho-  the  Viceo 
Terminal  Display  is  arranged.  T*»e  screen  is  divided  in  t-o 
areas:  the  uooer  oortion  of  the  scree"  consists  of  a fs*ed 
format  presentation  of  information  about  the  o-n  ship  ana 
some  contacts.  From  this  reoresentat i on,  the  follcusna 
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202*3 . 37  1 6 yards 


! deoree  . 0.017U532925  radians. 

1 minute:  0.00029089  radians. 


1 minute  of  lonq.  ...  1 nautical  mile. 
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PI  3 . 1 <4 1 S°3 

1 knot  1 nautical  mile  / Sour. 


TABLE  III.  CONVERSION  FACTORS  USED 
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information  can  be  obtained  at  any  time: 

(1)  Time.  The  time  zone  number  and  the  ! oca r 
time  maintained  and  automatically  updated  by  the  system 
every  second. 

( ? ) Own  Shir.  Latitude  and  lonaifude  values 
indicating  its  last  geographical  position  as  determined 
au t oma t i c a 1 1 y by  the  system  at  least  every  T time,  where  T 
is  a period  of  time  as  selected  by  the  user.  Information 
about  the  course  and  soeed  is  also  available. 

(5)  System.  Information  about  the  total  number 
of  contacts  in  the  system,  classified  by  their  correspond  inn 
class:  Friendly  (F),  hostile  (H),  and  Unknown  (U). 
Information  aoout  the  mode  in  which  the  system  is  operating 
is  also  displayed.  This  will  be  explained  in  the  following 
oa  ragraoh  s . 

(Q)  Contacts.  Complete  information  about  six 
contacts  is  displayed.  The  following  items  are  provided  for 
each  contact:  (a)  designation,  (b)  type:  Surface  (S)  or 
Sub-surface  (SS),  (c)  class:  Friendly  (FKI),  Hostile  (HOS), 
or  Unknown  ( U N K ) , (d)  last  mark:  time,  bearina  and  range, 
(e)  course,  if  known,  (f)  speed,  if  known,  (a)  CPA 
information,  if  known:  time,  bearing  and  range,  or  one  of 
the  following  three  possible  messages:  "timeCOLLISION", 
"SAME  CPS  & SPO" , and  "MOVING  AWAY", 

It  should  be  noted  that,  althouah  the  system  is 
capable  of  maintaining  up  to  15  contacts,  information  about 
only  six  of  them  will  be  constantly  present  at  the  display; 


5 


the  user  has  the  capability  of  selectinq  which  contacts  he 
desires  to  he  displayed  in  this  way*  or  as  will  be  explained 
later,  he  can  also  obtain  information  about  any  contact 
( t emoo r a r i 1 y ) in  the  lower  oortion  of  the  screen. 

The  lower  oortion  of  the  screen  consists  of  the 
last  eight  rows  and  is  used  durina  Inout  and  Disolay 
operations;  it  has  no  fixed  format  and  if  the  system  is  not 
executing  an  Inout  or  Display  operation,  it  contains  only 
the  prompt  ("%")  symnol  cisolaved  in  its  uooer  left  corner. 

As  mentioned  previously,  the  system  operates  in 
three  different  modes;  these  modes  are:  (1)  Initialization# 


( 2 ) Inout,  and 

( 5 ) Disolay. 

The 

Initial  i 

Z at i on 

mode 

i s 

reauired  only 

once  at  the  Deni 

n n i n g 

of  the 

execution  of 

the 

system,  ang  it 

is  inqisoensable 

for 

the  operation  of 

the 

system,  as  was 

explained  previously; 

it  can 

not  be 

reques ted 

by  the  user  once  the  system  is 

operating. 

The 

Input 

and 

Disolay  modes 

are  determined 

by 

the  way  the 

system 

i s 

oerformina  at  any  given  time.  The  system  operates  in  the 
Input  mode  by  default.  Both  modes  require  interaction  with 
the  user. 

(1)  Input  Mode.  The  system  is  operating  in 
Inout  mode  any  time  an  Inout  operation  is  being  oe. rformed. 
The  following  Inout  operations  can  be  reauested  by  the  user: 

(a)  Mcdify  Coordinate  Grid  Origin 
parameters;  optional:  latitude  and  longitude. 

(b)  Modify  Own  Ship  parameters;  optional: 


latitude,  longitude,  course  and  soeed 


f 


n 


(.2)  Di  Sclav  vlooe . The  system  is  operating  in 
OisDlay  mode  any  tirre  a Disclay  operation  is  being 
performed.  The  fol lowina  Display  operations  can  be  reauested 
by  the  user: 

(a)  Origin:  display  information  about  the 
Coordinate  Grid  Origin  parameters  (latitude  and  longitude). 

(b)  Scale:  displays  information  about  the 
Graphics  Scale  currently  used  by  the  system. 

(c)  Own  Ship;  displays  information  about 
the  following  own  shio  parameters:  latitude*  lonqitude*  X 
and  Y values  in  the  user  defined  Coordinate  Grid  System 
beinq  used*  course  and  speed. 

(d)  Contact  Information:  displays 
information  about  a specified  contact's  parameters* 
requires:  designation?  provides:  type*  class*  number  of 
positions  maintained  by  the  system,  latitude*  lonqitude*  X 
and  Y values  in  the  user  defined  Coordinate  Grid  System 
being  used*  last  mart's  time*  bearing  and  range*  and  if 
possible*  gives  information  about  course*  soeed*  CPA 
parameters*  and  estimated  actual  position. 

(e)  Contacts  in  System:  displays 
information  about  the  designations  of  all  the  contacts  in 
the  system,  if  any. 

(f)  Safe  CPA  Ranqe:  displays  the  value  of 
the  Safe  CPA  Ranqe  parameter. 

Co)  winq:  displays  information  about  the 


i 
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..—It 


wind 


(h)  Display  Uortate  Time:  displays  the  value 
of  the  current  Time  Between  Updates  being  used. 


A 1 1 

these  operat i ons 

are 

pe  r f o rmed 

using 

the 

lower 

port  ion 

of  t h e 

screen. 

and 

are  divided  into 

var  i ous 

phases 

("pages")  i 

n o rde r 

t o 

allow  a 

better 

util 

i za t 

i on 

o f 

the 

screen. 

Any  Display 

operation 

can  be 

requested  by  Dressing  the  aooronriate  key  at  the  keyboard. 

Figure  No.  4 presents  a view  of  how  the 
Video  Terminal  disnlay  looks  during  system  operation;  Figure 
No.  5 presents  a layout  of  the  keyboard  used  and  Figure  No. 
5a  the  arrangement  of  the  various  Input  and  Disnlay  keys. 

(3)  Other  Function-Defined  ^eys.  The  keyboard 
has  also  two  other  special  function  keys: 

fa)  Pubout  Key.  Used  to  backspace  the 
Cursor  when  inputting  information  into  the  system. 

(b)  "GO"  key.  Used  to  advance  the  various 
"naaes"  in  which  the  Display  operations  are  divided, 
b . PI asma  D i so  1 ay 

The  Plasma  Display  is  used  to  present  a 
geographical  plot  of  the  own  ship  and  contact  positions.  It 
displays  the  geographical  picture  that  is  defined  through  a 
s v s t em-de f i ned  and  user-control  1 abl e "window";  thjs  window 
is  used  to  focus  on  the  geographical  area  that  is  of 
interest  to  the  user.  Two  mechanisms  control  the  “window": 

(1)  Scale.  This  defines  the  scale  at  which  the 
plotting  is  desired  to  be  presented*  determining  the  size  of 
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the  w i ndow 


DISPLAY 


KEYS 


1 .  Origin. 

3.  Own  Shio. 

5.  Contacts  in  System. 
7 . Wind. 


2 .  Scale. 

9.  Contact  lnformat i on. 

6.  Safe  CPA  Range. 

ft.  Display  Update  Time. 


i 

INPUT  KEYS 


1 

2 

3 

a 

5 

6 

7 

8 

9 

1 0 

1 1 

12 

1 3 

1 . C reate  a Cont  ac t . 

3.  Modify  Coordinate  Grid 
Origin. 

5.  Contacts  to  Display. 

7.  Redesignate  a Contact. 
9 . Scale. 

11.  Safe  CPA  Range . 

1 3 


2.  Modify  Own  Ship. 

9.  Remove  a Contact. 

6 . Wind, 
ft . Time. 

10.  Update  a Contact. 

12.  Plasma  Reori entat i on 
GO  key. 


FIGURE  NO.  5a  INPUT  AND  DISPLAY  KEYS  ARRANGEMENT 


(2)  Picture  Reorientation 


This 


spec i f i es  the 


window's  center.  Three  different  methods  were  used:  (a) 
fixed  reorientation/  by  making  as  new  center  any  one  of 
e'Qht  (8)  pre-defined  points  in  the  picture/  ( b ) by  making 
the  last  Dosition  of  the  own  ship  to  be  the  new  center/  and 
(c)  by  making  the  last  position  o*  any  contact  to  be  the  new 
center  of  the  picture. 

The  Plasma  Display  also  presents  the  current 
value  of  the  scale  being  used  in  its  upper  left  corner.  The 
positions  of  the  own  shir  are  marked  with  bright  circles 
connected  by  solid  vectors/  while  the  positions  of  the 
contacts  are  connected  by  dashed  vectors  and  marked  with  two 
different  symbols:  a cross  if  the  contact  is  Hostile  or 
Unknown/  and  a circle  if  the  contact  is  Friendly?  the 
designation  of  any  contact  plotted  at  the  Plasma  Display  is 
presented  close  to  its  first  plotted  position. 

Figure  No.  6 presents  a view  of  how  the  Plasma 
Display  appears  during  system  operation?  Appendix  A gives 
the  algorithms  used  for  establishing  the  window  and  for 
forminq  the  picture  to  be  presented. 

C.  DATA  STRUCTURES 

The  main  d,ata  structures  used  in  the  system-  can  be 
classified  in  three  categories:  (1)  data  structure  used  to 
represent  system  parameters/  (2)  data  structures  used  to 
represent  the  own  ship  information,  and  (3)  data  structures 
used  to  represent  contacts  information.  The  main  type  of 
data  structure  used  was  the  STRUCTURE.  as  • provided 
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by  PL/M  80  [Ref.  9] , which  basically  allows  the  programmer 


by  usina  one  identifier,  to  refer  to  a collection  of 
STRUCTURE  MEMBERS  which  may  have  different  types,  such  as 
A R R - Y , ADDRESS  variables  and  w Y T E variables.  In  P L / M 8 0,  a 
HYTE  variable  is  an  8-bit  value  occupying  a single  byte  of 
storaae,  an  ADDRESS  variable  is  a 16-bit  value  occupying  two 
consecutive  bytes  of  storage,  and  an  ARRAY  is  a vector 
comooseo  of  BYTE  or  ADDRESS  variables.  The  most 
sooh i s t i c a t ed  data  structure  that  PL/M  80  supports  directly 
is  the  Array  of  Structures  with  Arrays  inside  the 
structures.  A i t h the  capability  t n a t PL/m  80  has  of  allowina 
a variable  reference  to  be  either  fully  Qualified,  partially 
qualified,  unaualified  (references  to  entire  arrays  or 
structures),  or  by  usina  o o i n *■  e r s and  indirect  references, 
it  was  possible  to  simulate  other  more  complex  data 
structures  such  as  circular  linked  lists  and  olexes,  as  will 
be  e xp I a i ned  later. 

1.  Data  Structure  for  the  System  Parameters 

Fiqure  No.  7 describes  the  data  structure  used  to 
represent  most  of  the  system  parameters?  as  can  be  observed, 
it  is  a structure  composed  of  eight  (8)  members  with  the 
following  description: 

a.  LAT:  array  of  U bytes  used  to  represent  the 
floating  point  value  of  the  latitude  parameter  used  to 
define  the  Coordinate  Grid  Oriain. 

b.  LONG:  array  of  4 bytes  used  to  represent  the 
floating  point  value  of  the  longitude  parameter  used  to 
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define  the  Coordinate  Grid  Oriqin. 

C.  SCALE:  array  of  ‘i  bytes  used  to  represent  the 
floating  point  value  of  the  qraph i cs  scale  parameter. 

d.  WTNOSDIR:  array  of  U bytes  used  to  '“rresert  the 
floating  point  value  of  the  wind  direction. 

e.  iqINDSSPD:  array  of  4 bytes  used  to  represent  the 
floating  point  value  of  the  wind  speed. 

f.  NlJ^'fcZONE : array  of  5 bytes  used  to  represent  the 
ASCII  characters  defining  the  value  of  the  Time  7one 
n u m o e r . 

g.  CDNI ACTSKIND:  array  of  3 bytes  used  to  represent 
the  total  number  of  contacts  in  each  class. 

h.  NUMCTS:  byte  variable  used  to  represent  the 
number  of  contacts  at  any  time  in  the  system. 

It  should  be  noticed  that  this  data  structure  is 
designed  only  to  maintain  the  parameters  described  at  any 
moment;  a log  of  changes  or  modifications  to  the  parameters 
described  is  not  keot. 

2.  Data  Structures  for  Own  Ship  Parameters 

Figure  No.  8 describes  the  data  structures  used  to 
represent  the  own  ship  parameters;  the  OhiNSSH  I P$  I NFO 
structure  is  used  to  maintain  a set  of  parameters  for  which 
no  log  of  changes  or  modifications  is  maintained,  and  also 
to  allow  indirect  access  to  the  OwNSSHIP  data  structure.  Its 
four  C U ) members  have  the  following  description: 

a.  LAT:  array  of  bytes  used  to  represent  the 
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FIGURE  NO.  ft  DATA  STRUCTURES  FOR  OWN  SHIP  PARAMETERS 
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floating  ooint  value  of  the  latitude  parameter  defininq 
the  geographical  position  of  the  own  ship. 

b.  LONG:  array  of  0 bytes  used  to  represent  the 
floating  point  value  of  the  longitude  parameter  defining 
the  geographical  position  of  the  own  ship. 

c.  POINTER:  byte  variable  used  to  access  the 
OrtNSSHIP  data  structure,  by  defininq  its  most  recently  used 
membe  r . 

d.  FLAG:  byte  variable  used  to  inoicate  whether  or 
not  the  30  members  of  the  0 iri  N $ S H I P data  structure  have  been 
accessed  at  least  once. 

The  OwNSSHIP  Array  of  Structures  is  used  to  maintain 
up  to  thirty  (30)  different  sets  of  values  for  tne  own  ship 
parameters,  thus  maintaining  a loo  of  the  30  (or  fewer)  most 
recent  values  of  the  own  ship  parameters.  By  usinq  the 
members  POINTER  and  FLAG  of  the  OwNSSH I P $ I NFO  structure,  it 
is  possible  to  use  the  OwNSShIP  data  structure  as  a circular 
queue,  with  each  of  its  30  members  having  the  following 
description: 

a.  X:  array  of  A bytes  used  to  represent  the 
floating  ooint  value  of  the  X parameter  defining  the 
position  of  the  own  ship  in  the  Coordinated  Grig.  System 
defined. 

b.  Y:  array  of  4 bytes  used  to  represent  the 
floating  ooint  value  of  the  Y parameter  defining  the 
position  of  the  own  ship  in  the  Coordinated  Grid  System 
defined. 
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c.  TIME:  array  of  3 bytes  used  to  represent  the 

real  time  clock  value  (hours*  minutes  and  seconds)  at  which 
the  corresconrtinq  member  was  Current. 

d.  CPS:  array  of  U bytes  used  to  represent  the 

t 

floating  point  value  of  the  course  Parameter. 

e.  SPD : array  of  <4  bytes  used  to  represent  the 

floating  point  value  of  the  speed  parameter. 

Notice  that  each  member  of  the  OwNSSHIP  data 
Structure  is  capable  of  providing  enouah  information  to 
locate  the  own  ship;  uo  to  30  locations  and  time  may  be 
recorded. 

3.  Data  Structures  for  the  Contact  Parameters 

Figure  No.  9 describes  the  data  structures  used  to 
represent  contact  parameters.  The-  CONTACTSINFO  Array  of 
Structures*  composed  of  fifteen  (IS)  members*  was  used  to 
represent  a set  of  parameters  for  up  to  15  different 
contacts*  ana  was  also  used  to  allow  indirect  access  to  the 
CONTACTSPOSI  data  structure*  each  member  of  CONTACTSINFO 
represented  a different  contact  and  was  used  to  access  15 
corresponding  members  in  the  CON TACT SPOSI  data  structure*  as 
will  be  described.  Each  member  of  the  CONTACTSINFO  data 
structure  had  the  following  configuration: 

a.  DESIG:  address  value  used  to  represent  the 
decimal  value  of  the  designation  used  to  refer  to  a contact. 

b.  TYPE:  byte  variable  used  to  represent  the  type 
of  the  contact. 

c.  KIND:  byte  variable  used  to  represent  the  class 
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of  the  contact 


a.  C P S S F L A G : byte  variable  used  to  indicate  whether 
or  not  there  was  information  about  the  course  of  the 
contact. 

e.  SPDSFLAG:  byte  variable  used  to  indicate  whether 
or  not  there  was  information  about  the  soeed  of  the 
contact . 

f.  OSSPOINTER:  byte  variable  used  to  indicate  which 
of  the  15  corresoondinq  members  of  the  CONTACTSPOSI  data 
structure  was  current  when  the  own  shin  made  its  last  chanoe 
in  course  or  soeed;  it  is  mainly  used  when  solving 
Maneuveri na  Board  oroblems. 

q.  POINTER:  byte  variable  used  to  access  the  15 
corresoondinq  members  of  the  CONTACTSPOSI  data  structure*  by 
defining  its  most  recently  used  member. 

h.  FLAG:  byte  variable  used  to  indicate  whether  or 
not  the  15  c o r r e soond i no  members  of  the  CONTACTSPOSI  data 
structure  have  been  accessed  at  least  once. 

The  CONTACTSPOSI  Array  of  Structures  is  used  to 
maintain  uo  to  15  different  sets  of  values  for  the 
parameters  of  uo  to  15  different  contacts*  thus  maintaining 
a 1 oq  of  the  . 15  (or  fewer)  most  recent  values  for  the 
parameters  of  each  contact.  Its  225  members  are  accessed 
indirectly  by  the  POINTER  element  in  each  member  of 
CON T AC T $ I NFO * accordinq  to  the  following  method: 

Relative  oosi t ion  of  member  in  CONTACTSINFO:  N. 

Members  in  CONTACTSPOSI  to  which  N is  allowed 


to  access:  15  x N up  to  (15  x (N  ♦ 1)) 


1 


I 


Thus#  for  example*  the  contact  defined  as  member  0 
i n CON T AC T $ I NFO , has  its  15  sets  of  parameters  represented 
in  members  0 thru  14  of  CONTACTSPOSI*  and  the  contact 
defined  as  memper  8 in  CC N T AC T $ I NFO / has  its  15  sets  of 
parameters  represented  in  members  120  thru  134  of 
CON  TACT  SPOS  I . 

Also*  the  15  members  of  CONTACT SPOSI  that  are 
allocated  for  each  contact  defined  in  CON T AC T i I NFO * are  used 
as  a circular  queue*  in  a similar  way  to  that  described  for 
the  own  ship. 

Each  of  the  225  members  has  the  followinq 
configuration: 

a.  X:  array  of  4 bytes  used  to  represent  the 
floating  point  value  of  the  X parameter  definina  the 
position  of  the  contact  in  the  Coordinated  Grid  System 
de  f i ned . 

b.  Y:  array  of  4 bytes  used  to  represent  the 
floatinq  point  value  of  the  Y parameter  defininq  the 
position  of  the  contact  in  the  Coordinated  Grid  System 
defined. 

c.  TIME:  array  of  3 bytes  used  to  represent  the 
real  time  clock  value  (hours*  minutes  and  seconds)  at  which 
the  corresponding  member  was  current. 

d.  CPS:  array  of  4 bytes  used  to  represent  the 
floatinq  point  value  of  the  course  parameter. 

e.  SPD:  array  of  4 bytes  used  to  represent  the 


56 





VI  CONCLUSION 


A . RESULTS 

Presently*  the  system  will  handle  all  functions 
currently  provided  by  the  ORT  plotter*  wnile  at  the  same 
time  solving  some  Maneuvering  Board  problems:  CPA 
information  and  determination  of  course  ana  speed  of 
contacts. 

Since  all  the  incuts  to  the  system  are  done  manually*  an 
extensive  control  program  was  developed  in  order  to  make  it 
very  difficult  for  the  user  to  enter  erroneous  data* 
providing  uo  to  six  levels  of  correctness. 

Information  about  the  own  ship  and  any  one  of  IS 
different  contacts  can  be  displayed  by  pressing  one 
function-defined  key  for  each  case.  Also*  the  geographical 
plot  displayed  at  the  Plasma  Unit  can  be  reoriented  and 
modified  in  scale  by  using  two  other  function-defined  keys. 

The  displays  provided  by  the  system  can  easily  be 
duplicated*  thus  allowing  the  possibility  of  having  all  the 
information  displayed  in  remote  stations  where  needed. 

B.  FUTURE  WORK 

The  system  can  be  a valuable  tool  aboard  non-NT  OS  ships 
as  implemented.  Several  extensions  are  possible*  however,  in 
both  hardware  and  software. 

The  system  can  be  modified  in  order  to  accept  input  data 
directly  from  the  own  ship's  oitometer  and  gyrocompass*  and 
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also  from  t^e  radar  ana  sonar  sensors?  in  order  to  reduce 


the  time  reauired  from  the  operator  to  enter  the  same  data? 
thus  improving  the  system's  oerformance. 

lne  system  could  also  he  modified  in  order  to  allow  the 
use  of  Maanetic  Hubble  Memory  as  mass  storaae  media?  to 
maintain  a 1 oa  of  all  the  necessary  data  to  be  able  to 
reconstruct  events?  and  to  start  uo  the  system  again  in  case 
of  a loss  of  power  or  other  failure. 

Also?  the  caoability  of  solvina  other  Maneuvering  Board 
problems  such  as  interception?  scout ina  and  torpedo  firing? 
could  easily  he  added. 

The  system  could  also  he  implemented  oy  using  several 
Single  Board  Computers  working  in  parallel?  with  each  one 
solving  one  or  more  soecific  problems.  Also?  the  remote 
stations  could  be  provided  with  intelligent  terminals  with 
the  caoability  of  displaying  the  information  necessary? 
without  disturbing  the  computer's  orocessina. 

The  results  of  this  thesis  indicate  that  m i c roc ompu t e r 
technology  can  feasibly  be  applied  to  the  ideas  above  and  to 
other  similar  problems. 

A microprocessor-based  system  as  the  one  described?  has 
the  potential  to  provide  any  ship  with  a diaital  surface- 
subsurface  contact  plotting  caoability?  without  the  expense 
of  NTOS  size  eguioment.  It  can  reduce  the  manning  of 
underway  watches  while  improving  the  duality  of  the  tactical 
information  available  to  the  Officer  of  the  Deck. 
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APPENDIX  A ALGORITHM  DESCRIPTION 


A.  THE  CLOSEST  POINT  OF  APPROACH  (CPA) 

1.  Th<?  Basic  Relative  Movement  Problem 

K.  H.  Kerns  and  R.  S.  Coooer  (Pef.  3]  nave  described 
a wav  of  solving  Maneuvering  Board  problems  with  the  aid  of 
a microcomputer.  As  described  in  that  reference/ 
Maneuvering  Board  problems  are  divided  in  two  basic 
cat  eoo  r i e s . 

One  is  the  relative  plot  where  the  CPA  of  contacts 
being  tracked  can  be  calculated.  The  center  of  the  plot 
represents  the  "reference"  or  "own"  shio  ano  any  other  point 
represents  the  position  of  a "maneuvering"  ship/  plotted  in 
true  bearing  and  range  from  the  own  ship  at  various  times. 

The  other  category  is  the  vector  diagram  or  the 
"triangle  of  courses  and  speeds";  this  allows  the  operator 
to  calculate  the  course  and  speed  of  any  maneuvering  shio  (a 
contact)  given  the  own  shio  course  and  speed/  and  relative 
course  and  speed  of  the  contact  (obtained  from  the  relative 
plot).  Figure  No.  10  shows  how  the  two  categories  are 
applied  and  how  they  interact  one  with  another. 

2 . Other  Uses  of  the  Maneuvering  Board 

All  Maneuvering  Board  problems  utilize  the  basic 
relative  motion  problem  discussed  above?  in  addition  to 
determining  CPA  information/  course/  and  soeed  of  a contact/ 
the  Maneuvering  Board  can  also  be  used  to  find  the  reguired 
course  and  soeed  to  take  station  on  or  to  intercept  another 


b 0 


ship,  to  find  true  wind/  or  to  find  courses  and  speeds  for 


scoutinq  and  toroedo-f i rinq  situations. 

3.  ^aneuverinq  Boaro  problems  solutions  implemented 

As  described  oefore/  the  system  was  mainly  designed 
to  provide  a graphical  display  of  the  own  ship  and  contacts 
beinq  tracked?  secondarily/  the  system  provides  a surface 
status  display  of  information  about  those  contacts  and  about 
own  ship.  Only  the  CPA,  course/  and  speed  of  contacts  are 
calculated  automatically?  the  other  functions  of  the 
Maneuvering  Board  are  not  duplicated. 

4 . Problems  that  Normally  Occur 

In  a Maneuvering  Hoari  problem  solution/  all  the 
data  are  recorded  manually  by  the  plotter;  these  data  are 
provided  aurally  by  the  radar  operator. 

This  interaction  is  somewhat  error*prone<  the 
positions  plotted  often  appear  scattered  ’ike  the  ones  shown 
in  Figure  No . 11. 

5.  The  Leas t -squares  Fit  Approach 

In  order  to  smooth  the  data  utilized  and  to  obtain  a 
straight  line  representing  the  line  of  relative  motion  for  a 
certain  number  of  plottec  positions/  the  least-sauare  fit 
method  was  chosen. 

The  approach  employed  reauires  two  to  five  contact 
positions.  A least-square  fit  is  used  to  determine  the  slope 
and  the  Y axis  intercept.  Once  these  parameters  are  obtained 
the  CPA,  course/  and  speed  calculations  are  performed  in  a 
St  raiqht  forward  way.  According  to  Reference  No.-  15  the 
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6 . CPA  A 1 go p i t h m 

Certain  combinations  of  data  require  scecial 
treatment  in  CPA,  course*  and  speed  calculations.  These 
special  cases  are  shown  in  Fiojre  No.  12. 

For  case  0 the  contact  has  the  same  course  and  speed 
as  the  own  ship,'  then  the  CPA  can  not  be  calculated,  because 
the  contact  is  permanently  at  CPA. 

For  case  1 the  contact  has  as  direction  of  relative 
motion  (relative  course)  the  values  of  000  or  180  degrees 
and  thus  the  slope  of  the  relative  motion  line  will  have  an 
infinite  value. 

For  case  2 the  contact  has  as  direction  of  relative 
motion  the  values  of  0P0  or  270  degrees  and  thus  the  slope 
of  the  relative  motion  line  will  have  the  value  of  0. 

There  is  a fourth  case  where  the  contact  is  on  a 
collision  course  with  the  own  ship. 

In  the  general  case,  the  sequence  of  calculations  is 
as  follows: 

a.  Take  at  least  2 marks  of  a contact  (time, 
bearing,  and  distance). 

b.  Convert  bearing  and  distance  to  relative 
values  of  * and  y: 

RELSX  = PNG  x sin(RPG) 

RfcLSY  = PNG  x cos(BRG) 

c.  Compute  slope  of  smoothed  relative  motion 

line: 


05 


where : 


M = ( s ( 0 ) X t(l)  - s(l)  X t(0)J/(s(0)  X s(2) 
2 

- s (1  ) ) 

d.  Compute  Y intercept: 

YSCUr  = ( s ( 2 ) x t ( 0 ) - s ( 1 ) x t C 1 ) ) / ( s ( 0 ) x 

2 

s ( 2 ) - s(  1 ) ) 

e.  Compute  relative  course: 

Y 1 = M x RELSX ( 1 ) + Y SCUT 

Y2  = M x RELSX(2)  + YSCUT 

-1 

RFLSCRS  = tan  ((PEL$X(2)  - RE L S X ( 1 ) ) / ( Y 2 
-Yl)) 

RELIX(2)  - obtained  from  the  last  position 
used  for  the  Least-square  Fit 
calculation 

RELSX(l)  - obtained  from  the  first  position 
used  for  the  Least-sauare  Fit 
calculation 

R E L $ Y ( 2 ) - similar  to  RELSXC2) 

RELSY(I)  - similar  to  RELSX ( 1 ) 

f.  Compute  relative  speed: 

DEL T ASX  = RELSX (2)  - RELSX(l) 
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DELTASY  = REL  S Y ( ? ) - RELSY(l) 


DELTAST  = TIME(2)  - TIME(l) 


RELSSPD 


DFLTASX  + DELTASY 


DELTAJT 


where : 


T I M E ( 1 ) - local  time  at  which  the  last 


position  of 

a 

contact 

used 

in  the 

least -saua re 

f i r 

i s 

entered  into 

the 

system. 

TIME(P)  - 

local 

time  at 

which  the 

f i 

r s t 

position  of 

a 

contact 

used 

in  the 

least -square 

f i t 

i s 

entered  into  the  system. 


g.  Compute  true  course  and  sneed  of  a contact: 
Given  own  shin's  course  (CO),  Own  ship's 
soeed  (SO),  soeed  of  relative  motion  (RELSSPD),  ano  the 
relative  motion  course  (RELSCRS),  then: 

XI  = SO  x sin(CO) 

Y1  = SO  x cos (CO ) 

X 2 = RELSSPD  X s i n (RELSCRS ) 

Y 2 = RELSSPD  x cos(RELSCRS) 

Thus,  the  X/Y  components  of  the  maneuvering 
ship's  vector  are  XI  + X2  and  Y1  t Y2  where  the 
maneuvering  ship's  soeed  is: 


V (XI  ♦ x 2 ) * ( V 1 + Y2) 


and  the  course  is: 


-1 

ten  ( (XI  + X?)/(Y1  ♦ Y 2 ) ) 

h . Compu  t e CPA 


2 

XSCPA  = (M  x (M  x RF.LSX  ( 1 )-Y1  ) )/ (M  + 1) 


2 

YSCPA  = ( Y 1 - M x X1)/(M  t 1) 


C P A $ T I Mf 


2 2 

( XSCPA-RFLSX (1  ) ) ♦ (YSCPA-Y1) 


RELSSPD 


♦ T I ME  ( 1 ) 


CP A SRANGE 


XSCPA 


2 

Y3CPA 


-1 


CPASBEARING  = tan  (XSCPA  / YSCPA) 

NOTE:  Y1  is  the  value  calculated  at 


the  item 


e.  above/  not  the  one  at  g. 

As  a final  comment/  the  case  4 shown  in  Eiqure  No.  3 
represents  the  situation  when  a contact  is  in  collision  with 
the  own  ship.  It  is  easily  seen  that  a contact  in  collision 
has  the  bearings  of  the  various  positions  with  approximately 
the  same  value  while  the  range  is  reducing.  The  s.vstem  was 
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designed  with  a safe  CPA  range  value  (SAFFSRNG)  as  Parameter 


which 

Can 

be 

c hanged 

from  50 

yards 

(default  value) 

UP 

t o 

1000 

yards 

thus 

, any  CPA 

range 

h e 1 ow 

that  parameter 

v a 1 

ue 

will 

set  the 

i n f 

o r m a t i on 

about  t 

he  CPA 

of  a given  contact 

a s 

beinq  in  collision  with  the  own  shio. 

Beyond  that»  the  CPA  algorithm  checks  for  a contact 
that  already  oassed  its  CPA  and  a message  "MOVING  ArtAY"  is 
i s sued . 

6.  GRAPHICS  on  plasma  display 

1.  Physical  Consi derat  ions 

In  order  to  orcvide  elements  for  designing  the 
algorithm  for  interacting  with  the  olasma  display  some 
physical  parameters  for  the  AM/lJYQ-10,  Plasma  Display  set 
[Ref.  131  had  to  be  taken  into  account: 

a.  Panel  parameters: 

Active  area  : 8.55"  * 8.55" 

Addressable  matrix  : 512  x 512 

Dot  spacing  : 0.0167"  c en t e r - t o -c en t e r , 60  per 
i nc  h 

Light  spot  size  : 10  to  12  mils 

b . Character  size: 

5 x 7 matrix  : 80  x 120  mils 

2.  Plasma  Display  Unit  Capabilities 

Such  capabilities  included  the  capability  to: 

a.  Set  status  of  the  Plasma  Unit  (busy  or  not) 

b.  Clear  Plasma  Panel 

c.  Clear  vectors 


d.  Receive  X/Y  coordinates  from  CPU 

e.  Set  alphanumeric  mode 

f.  Set  vector  mode  (solid  or  dashed  vector 

c aoab  i I i t y ) 

5.  Algorithm  Desion 

Figure  Mo.  13  shows  how  the  Plasma  Panel  was  set  in 
the  coordinate  svstemj  the  ooints  1,  3#  5 , ana  7 delimit  the 
area  where  the  Plasma  Panel  is  located.  The  point  7 
represents  the  origin  of  the  Plasma  Panel  (ORIGINSX, 
OR IGIN5Y ) . 

In  order  to  allow  the  display  of  all  the  information 
necessary  to  the  Plasma  Unit  and  generated  by  the  system, 
the  "PLASMASPOOULE"  module  was  designed. 

a . A i ndo  wing 

The  windowing  process  was  developed  as  a 
transformation  process  which  enables  the  Plasma  Panel  to 
cover  a reqion  in  the  coordinate  grid  system. 

The  scale  set  by  the  ooerator  as  an  initial 
parameter  controls  the  windowing  process  and  it  can  vary 
from  .25  miles/inch  up  to  25.00  miles/inch. 

In  Figure  Mo.  13  the  name  WINDOW  marks  the  size 
of  a square  representing  the  region  covered  by  the  Plasma 
Panels  this  value  was  obtained  by  setting: 

WINDOW  = SCALE  x 8.55 

b.  Procedure  to  check  if  a given  oosition  falls 
within  the  limits  of  the  defined  "window" 

A mechanism  was  implemented  to  check  if  it  was 


possible  to  dot  a given  position  (X/Y  values)  in  the  region 
covered  by  the  Plasma  Panel;  thus*  the  followina  algorithm 
was  devel ooed . 

in  Figure  Mo.  13  the  ooint  named  PI  can  be 
plotted  in*  but  the  point  P 2 can  not.  A point  can  be 
displayed  at  the  Plasma  Panel  when  the  coordinates  X/Y  of 
that  point  follow  the  rules  below: 

ORIGIN $X  t WINDOW  > X > ORIGINSX,  and 
ORIGINSY  - WINDOW  < Y < ORIGINSY 

Notice  that  all  those  values  are  in  floating- 
point representation. 

C.  Normalization 

Before  disolayino  a given  point  in  the  Plasma 
Panel  it  is  necessary  first  to  check  if  the  position  could 
be  plotted*  and  secondly  to  normalize  its  value  to  the  range 
specified  (addressable  matrix  - 512  x 512);  the  first  is 

done  as  explained  above*  and  the  second  is  as  follows: 

( 1 ) DELTASX  = X - ORIGINSX 
DELTASY  = ORIGINSY  - Y 

(2)  Take  the  absolute  values  of 
DELTASX  and  DELTASY: 

DELTASX  = ARS  ( DEL  T A $ X ) 

DELTASY  = ABS  (DELTASY) 

(3)  TEMPSX  = (511.0  / WINDOW)  x DEL  T A S x 
TEMPSY  = (511.0  / WINDOW)  x DELTASY 

(4)  Truncate  and  convert,  to 
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integer  r en r e s en t a t i on : 


X = INTEGER  (TE«P*X) 

Y = INTEGER  (TEMRSY) 
d.  Plasma  Keorientat'o" 

Besides  setting  a scale  tor  the  "window",  three 
ways  ot  positioning  the  "window"  in  the  coordinate  arid 
system  were  implemented. 

By  default*  every  time  the  scale  has  to  be 
changed;  the  last  position  of  the  own  ship  will  be  set  at 
the  center  of  the  "window";  this  is  accomplished  by  setting; 

ORIGINS  = 0WM$SHIP$X  - H AI_F  SW  I NOOrtS  Y , and 
ORTGINSY  = OANSSHIPSY  - HALFSWINDOW 

Notice  tnat  the  own  ship’s  last'  position  can  tie  set  at  the 
center  of  the  "window"  any  time  the  operator  wants  to  do  so. 

The  second  method  implemented  was  to  set  the 
last  known  position  of  any  contact  at  the  center  of  the 
"window";  this  was  obtained  by  settinq: 

ORIGINSX  = CONTACTSPOSISX  - HALF SHlNDOW , and 
ORIGINHY  = CONTACT  $POS I $ Y - HALF  INDOW 

In  case  of  no  contact  being  maintained  by  the  system;  this 
method  will  be  ignored  by  the  system,  even  if  reauested. 

The  third  method  implemented  was  to  set  one  of  8 
fixed  positions  (refer  to  Fig.  No.  15)  at  the  center  of  the 
"window"  as  requested  by  the  operator;  this  was  obtained  by 
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setting 


( 1 ) Point  0 


k 


ORIGINSX  = ORIGINSX,  and 
ORIGINSY  = ORIGINSY  ♦ HALFSwINDOw 
(?)  Point  l: 

ORIGIN fx  = ORIGINSX  ♦ HALFSWINDOW,  and 
ORIGINSY  = ORIGINSY  + HALFSWINDOW 
( 3 ) Point  2: 

ORIGINSX  = ORIGINSX  + HALFSWINDOW,  and 
OR  I G I NS  Y = ORIGIN $Y 
(a)  Point  3: 

ORIGINSX  = ORIGINSX  t HALFSwINDOw,  and 
ORIGINSY  = ORIGINSY  - H ALF  $ A I NDOW  ' 

(S)  Point  a: 

ORIGINSX  = ORIGINSX,  and 
ORIGINSY  = ORIGINSY  - HALFSwINDOw 
( 6 ) Point  5 : 

ORIGINSX  = ORIGINSX  - HALFSWINDOW,  and 
ORIGINSY  = ORIGINSY  - HALFSWINDOW 

( 7 ) Point  0 : 

ORIGINSX  = ORIGINSX  - HALFSwINDOw,  and 
ORIGINSY  = ORIGINSY 

( 8 ) Point  7 : 

ORIGINSX  = ORIGINSX  - HALF  $W  INDOw , and 
ORIGINSY  = ORIGINSY  * HALFSwINDOw 

C.  TRANSCENDENTAL  FUNCTIONS 


Three  transcendental  functions  were  necessary  in  solvina 
some  problems  by  the  system.  These  functions  were  sine  and 


cosine  of  a given  angle,  and  arc  tangent  of  the  ratio  of  two 


given  values. 

The  main  qoals  were  the  minimum  amount  of  Storaqe  for 
tne  work  area  ana  the  minimum  execution  time  in  performing 
the  calculations#'  for  these  reasons.  the  Hastings 
aporoximations  were  chosen  with  slight  modifications  maae  to 
the  algorithms  suggested  in  Ref  No.  R . 

1.  Cosine  and  Sine  Functions 

As  described  in  the  Appendix  t,  the  procedure 
"COSSSIif"  performs  the  cosine  and  sine  of  a given  angle  Cin 
radians),  the  following  steps  were  taken  in  the  development 
of  the  algorithm: 

a.  Save  the  actual  value  of  the  angle 

b.  Set  angle  to  be  between  0 and  2 x PI  radians 

c.  Check  for  special  cases  - 90,  270, 
and  360  degrees 

d.  Normalize  the  angle  for  the  interval  0 and  Q0 
degrees,  and  save  auadrant  of  the 

original  angle 

e.  Convert  angle  to  semicircle  units 

A = ANGLE  / PI 

where  PI  = 3.141593 

f.  Perform  Hastings  approximation 

2 2 2 2 

2 = (Cl  + A (C2  ♦ A ( C 3 + A (C4  ♦ A (C5  t 

2 

A x C6)))))A  + A 
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where : 


Cl  = 0.5707963267949 

C 2 - -0.6459640964727 
C 3 = 0.07°6926Q8713H 

CU  = -0.0046816668674 
C5  = 0.0001602588415 

C 6 = -0.0000034333379 

a.  Compute  cosine  and  sine: 

2 

cos (ANGLE ) = 1 .0  - 2.0  x Z 
\/  ~ 

s i n ( ANGLE  ) =Vl.O  - cos  (ANGLE) 

h.  Restore  siqns  for  sine  and  cosine  accorai na 
to  the  quadrants  saved  in  d. 

2.  Arc  Tanqent  Function 

As  described  in  Aooendix  E,  the  procedure  "ARCSTAN" 
performs  the  arc  tangent  function  of  a qiven  ratio  (Y/X)  of 
2 parameter  values;  the  followinq  steos  were  taken  in  the 
development  of  the  algorithm: 

a.  Save  the  actual  values  of  the  parameters 

b.  Save  sign  of  parameters  to  determine 
quadrant 

c.  Check  for  valid  arguments  (X  and  Y) 

(1)  If  X : 0 and  Y = 0 : 


Function  undefined 
(2)  I f X = 0 and  Y = 0: 


ANGLE 


90  oenrees  (for  Y > 0) 


ANGLE  = 270  degrees  (for  Y < 0) 

d.  Form  Z to  perform  the  Hastings  approximation 

I Y I - I X | 

7 - 

I Y I + I X | 

e.  Perform  the  Hastings  approximation 

2 2 2 2 
ANGLE  = (Cl  t Z ( C 2 + 7 ( C 3 + Z (C«  ♦ Z (C5  + 

2 2 2 

Z (Cfc  + Z ( C 7 + Z x C8 )))))))) Z + PI/9 

where : 

Cl  = 0 .9999993529 

C 2 = -0.3332985605 
C 3 = 0.1990653599 

CO  = -0 . 1 390853351 
C5  = 0.0960200001 

C 6 = -0.0559098861 
C 7 = 0.0218612288 

C8  = -0.0000590580 
PI  = 3.191593 

f.  Restore  angle  to  Proper  quadrant 

D.  POSITIONAL  OATA  CONVERSION 

In  the  design  of  the  system  all  the  positions  can  be 
referred  either  as  latitude  and  longi tudei  or  as  X/Y 
coordinates?  for  this  reason/  some  algorithms  were  developed 
in  order  to  obtain  one  or  another  kind  of  positional  data. 
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1.  Convert  LAT  and  LONG  to  X/Y  Coordinates 

The  whole  system  was  based  in  a Coordinate  Grid 
System  whose  origin  values  were  given  in  terms  of  latitude 
and  lonqitude#  and  any  position  in  it  had  an  x / r coordinate 
defined  in  relation  to  the  origin;  thus#  given  the  values  of 
latitude  and  lonqitude  of  a certain  Dosition,  it  might  be 
converted  to  that  Coordinate  Grid  System  units;  i.e.»  to 
convert  to  X/Y  coordinates.  This  was  obtained  by  ooinq: 

a.  Comoute  mean  latitude: 

MEAN5LAT  = ( SYSTEMJLAT  t LAT)  / 2.0 

b.  Comoute  X/Y  coordinates: 

X = (LONG  - SYSTEMSLONG)  x cos (ME ANSLAT ) 

Y = LAT  - SYSTEM SLAT 

2 . Convert  a Given  Position  in  Terms  of  Bearing  and 

Mange  from  Own  ShiD  to  X/Y  Coordinates 

In  order  to  determine  the  X/Y  coordinates  of  a 
position  when  it  is  given  in  terms  of  bearinq  and  ranqe  from 
the  own  shio#  the  following  steos  were  done: 


Save  v a 1 

ue  of  bearing: 

ANGLE  = 

BEARING 

- 

Comou  t e 

DEL  T A S X 

and  DELTA  $ Y : 

delta sx 

= RANGE 

x s i n ( ANGLE ) 

deltasy 

= RANGE 

x cos(ANGLE) 

c 


Comnut  e X any  Y : 


X = OrtNSSHlPSX  + DELTASX 
Y = OWNSSHIPSY  + DELTASY 

3.  Convert  X/Y  Coora i nates  of  a Given  Position  into 
Latitude  and  Longitude 

a.  Coroute  latitude: 

LAT  = Y + SYSTEM SLAT 

b.  Coroute  mean  latitude: 

MEANSLAT  = (SYSTEMSLAT  + LAT)  / 2.0 

c.  Compute  longitude: 

LONG  = X / ccs (MEANSLAT  ) + SYSTEMSLONG 


n ^ 

APPENDIX  H SOFTWARE  CATEGORIZATION 

A.  MODULES  DFSCPIPT ION 

As  mentioned  before  the  system  was  developed  around  1 2 
basic  modules;  there  is  another  module  (EXECUTIVE)  which  is 
embedded  in  the  module  MAINSMODIJLF. 

As  shown  in  Appendix  E,  every  orocedure  has  a comment 
header  which  explains  what  it  Performs,  the  parameters  with 
its  meaning,  and,  when  proper,  the  usage  of  that  procedure. 


B.  MODULES  interaction 


Due  to 

the  interaction  capability 

bet  ween  modu 1 es 

as 

allowed  by 

the 

lanquaqe  P L / M 

ft  0 

t h rouqh 

the  use  of 

the 

attributes 

PUBLIC 

and  EXTERNAL 

for 

the  procedures, 

the 

f o 1 lowing 

list 

was  written 

i n 

order 

to  show 

this 

i n t e r ac  t i on 

. T h i 

s list  shows 

the 

modu  1 e s 

which 

have 

o r oc  edu  r e s 

cal  led 

by  the  listed 

modu  1 e 

• 

l.  mainsmodulE: 

a.  EXECUT  IVES COMMANDS 

b.  DISPLAYED MDS 

c.  COMMANDS 

d.  PLASMAJMODULE 

e.  CRT 

f.  ELTASCII 

q.  FLOAT INGSPOINT 

h.  TIME 

i.  BASICS 


EXECUTIVE  (embedded  in  MAINS MODULE) 


2. 

a.  MAIN$V00ULE 

b.  EXECUT IVESCOMMANDS 
C.  qisplayscmds 

d.  PLA3MASM0DULE 

e.  CRT 

f.  TIME 

q.  PLASMASPRIMITIvES 
h.  BASICS 

3.  EXECUT IVESCOMMANDS: 

a.  MA INSMODULE 

b.  EXECUT IVESCOMMANDS 

c.  CPASMODULE 

d.  COMMANDS 

e.  PLASMASMODULE 
f . CRT 

g.  FLTASCII 

h.  FLOATINGPOINT 

i.  TIME 

j.  BASICS 
a.  CPASMODULE: 

a.  EXECUT  IVESCOMMANDS 

b.  CPASMODULE 

c.  COMMANDS 

d.  FLOAT INGSPOINT 

s.  displayscmds: 

a.  EXECUT  IVESCMDS 

82 


b.  CPASMODULE 


a 


FLOAT INGSPOINT 


b.  BASICS 

Si 

11.  time: 

a.  COMMANDS 

b.  CRT 

c.  BASICS 

12.  PLASMASPR'IMITIVES: 

a.  PLASMASPRIMI TIVFS 

13.  BASICS: 

a.  BASICS 


APPENDIX  C 


OPERATOR'S  MANUAL 
for  the 

SURFACE-SUBSURFACE  CONTACT  PLOTTER  SYSTEM 

at  the 

NAVAL  POSTGRADUATE  SCHOOL 


This  manual  describes  the  operation  of  the  Surface- 


Subsurface 

Contact 

Plotter  System  at 

the 

Naval 

Post  q r adua  t e 

School.  This  manual 

assumes  famil 

i a r i z a t i on 

with 

CIL 

procedures 

. The  soec  i 

fics  about  the  i 

nstallation  of 

the 

edu i omen  t 

r eou i red 

were 

c resent  ed  i n 

chapters  U 

and 

5 

and 

also  in 

Apoend  i x 

0. 

The  aloorithms 

used 

i.ere 

described 

i n 

Append i x A 

. All  the 

software  reouired 

i s 

contained 

i n 

one 

diskette 

1 abe  1 ed 

PLASMA  geographic 

PLOT  TER 

PACKAGE  : 

SYSTEM. APL 

. Figure 

No. 

1 4 present  s 

a 

view 

o f 

how 

the 

edu i omen  t 

is  typically 

set  up. 

JTJ1 

-* 

i 
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STARTUP  PROCEDURES 


CAUTION:  NEVER  turn  on  or  off  the  a i s < e 1 1 e arive 
with  a diskette  inserted  III. 

1.  Turn  on  MDS  system:  use  the  key  located  at  the  upper 
left  corner  of  the  front  panel  and  turn  it  clockwise. 
The  POflER  indicator  should  light. 

2.  Turn  on  diskette  drive:  use  POwFR  switch  located  at  the 
front  panel.  The  ON  indicator  should  light. 

3.  Turn  on  DATAMEDIA  Video  Terminal  (CRT):  use  switch 

located  on  right  side.  The  cursor  should  appear  at  the 
screen  after  a few  seconds.  Ensure  that  the  lights  CD# 
CTS#  ROLL  and  FULL  DUPLEX  are  on. 

4.  Turn  on  power  supply  to  Plasma  Unit.  This  external  power 
supply  should  be  set  at  + 5 Volts  DC.  A red  indicator 
shou Id  light. 

5.  Turn  on  AN/UYO-IO  Plasma  Display  Unit:  use  PO'aF.R  switch 
located  at  front  of  unit.  The  indicator  located  at  the 
upper  left  corner  should  light. 

6.  Turn  on  any  other  slave  displays#  if  existing. 

7.  Place  diskette  labeled  PLASMA  GEOGRAPHIC  PLOTTER 

PACKAGE:  SYSTEm.APL  in  drive  0#  with  the  read/write 

access  slot  first.  Close  door  of  the  arive  after 
diskette  insertion. 

B.  Bootstrap  the  ISIS-II  Operating  System: 
a.  Press  top  of  Intellec  BOOT  switch. 


b . Press  too  of  RESET  switch. 

c.  Observe  that  INTERRUPT  2 indicator  qoes  on  before 
p r oc  eea i nq . 

d.  Press  space  bar  of  DATAMEDIA  Video  T^r^inal 
keyboard. 

e.  Observe  that  INTERRUPT  2 indicator  qoes  off  before 
proceed i nq . 

f.  Press  bottom  of  ROOT  switch. 

q.  Observe  that  the  followinq  messaqe  appears  at  the 
DATAMEDIA  Video  Terminal  screen: 

ISIS-II»V2.2 

9.  Issue  the  followinq  command: 

DRTSYS  <carriage  return> 

10.  After  a few  seconds/  the  DATAMEDIA  Video  Terminal  screen 
should  be  cleared  and  then  filled  with  the  working 
format;  also,  the  message  "ON  LINE.”  should  appear  at 
the  AN/UYQ-tO  Plasma  Display  screen. 

11.  Observe  that  the  slave  displays  (if  existino),  are 
presenting  the  same  information  as  their  respective 
masters. 

12.  Follow  the  instructions  for  SYSTEM  INITIALIZATION  as 
prompted  and  accoroing  to  the  format  explained  in  the 
f o 1 lowing  pages . 


13.  Notice  that  the  TIME  value  entered  during  SYSTEM 
INITIALIZATION  should  be  that  one  desired  as  starting 
time  (the  time  at  which  the  GO  key  is  depressed,  after 


the  SYSTEM  INITIALIZATION  mode  is  completed) 


1 ^ . During  ooerat  ion<  the  INTERRUPT  1 indicator  should  liaht 
(after  the  GO  key  has  been  depressed  to  start  the 
system)  . 


SHUTDOWN  PROCEDURE 


1 1 . 

CAUTION:  NEVER  turn  on  or  off  t^e  diskette  drive 
with  a diskette  inserted  ill. 

1.  Press  the  INTERRUPT  0 switch.  The  associated  indicator 
should  1 i ah  t . 

2.  Eject  the  diskette  in  drive  0. 

3.  Turn  off  the  eauioment  in  the  following  order: 

a.  Slave  disolays  (if  existinq). 

b.  AN/UYO-10  Plasma  Display  Unit. 

c.  AN/IJYO-IO  Plasma  Display  Unit  power  supply. 

d.  DATAMEDIA  Video  Terminal. 

e.  Diskette  drive. 

f.  Intellec  MDS  system. 


III. 


formats  and  commands  description 


Tne  follcinq  Daces  describe  the  data  elements,  mrut 
commands,  and  disolay  commands  reouired  for  the  ooerat,on  of 
tne  SURFACE-SUBSURFACE  CONTACT  PLOTTER  SYSTEM. 


v r 


data  el emen  t 


data  element 


NAME  : 

I I 

Time  Zone  Number:  parameter  defining  the  time  zone 

number  beina  used  to  determine  the  local  time. 


FORMAT  : 
snn  where: 

S - siqn  (+  or  -). 
nn  - two  diait  number. 


RANGE  : 

00  < ~ nn  < - 1 


COMMENTS  : 


Used  only  for  display  purposes. 


I 


da  t a e ) emen  t 


aata  el ement 


NAVE : 

Timet  oarameter  rtef  ining  a time  value.  Consists  of 
hours*  minutes  and  seconcs. 

FORMAT  : 

hh : mm : ss  where: 

hh  - value  of  hours.  Two  diaits. 
mm  - value  of  minutes.  Two  diaits. 
ss  - value  of  seconds.  Two  diq its. 

RANGE  : 

00  <=  hh  <=  £ 3 
00  < - mm  < - 59 
00  <=  ss  <=  59 

COMMENTS: 

Once  the  time  is  set  * the  system  will  maintain  the 
current  time  and  update  the  time  value  displayed  at  the 
Video  Terminal  every  second. 


data  element 


data  el ement 


namf  : 

Time  Between  Updates:  Parameter  that  defines  the 
interval  of  time  used  by  the  system  to  update  the 
geoaraohical  position  of  the  own  ship. 


FORMAT  : 


sss  where : 

sss  - value  in  seconds  to  ne  used,  three  digits. 

RANGE  : 

15  <=  sss  < = 250 


COMMENTS: 

Initially,  the  Time  Between  Updates  is  set  au t oma t i c a 1 1 y 
by  the  system  to  180  seconds.  The  system  will  calculate  the 
new  position  of  the  own  shin  and  display  this  value  at  the 
Video  Terminal  and  will  olot.  if  possible,  the  new  position 
at  the  Plasma  Video  any  time  the  interval  of  time  between 
the  Current  time  and  the  actual  time  is  greater  than  or 
edual  to  the  Time  Between  Updates  parameter. 


9u 


n 


data  element  data  element 


name : 

Course:  parameter  that  determines  the  aeneral  direction 

at  which  the  own  shio  or  any  contact  is  steering. 

FORMA  T : 

ddd . d where: 

ddd.d  - value  in  deqrees  and  tenths  of 
degrees.  Three  digits. 


range  : 

000.0  <=  ddd.d  <=  35R.R 


COMMENTS: 

Needs  to  be  entered  for  the  own  shio.  The  system  will 
calculate  its  value  in  the  case  of  a contact*  although  it 
could  also  be  incut  for  the  system  if  known.  Note  that  the 
system  will  eventually  override  this  information,  after 
solving  the  course  orob lem. 
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UNCLASSIFIED 


NL 


ir  itU 


data  el emen  t 


data  el ement 


NAMt : 

Soeed : parameter  that  determines  the  velocity  at  which 

the  Own  ship  or  any  contact  is  moving. 


FORVAT  : 


kk.k  where: 

kk.k  - value  in  knots  (nautical  miles  / hour) 
and  tenths  of  knots.  Three  digits. 


RANGE  : 

00.0  <=  kk.k  <=  99.9 


COMMfcNTS : 

Needs  to  be  entered  for  the  own  ship.  The  system  will 
calculate  its  value  in  the  case  of  a contact  » althouqh  it 
could  also  be  input  for  the  system  if  known.  Note  that  the 
system  will  eventually  override  this  information,  after 
solving  the  speed  problem. 


data  element 


data  el emen t 


NAME  : 

Hearinq:  oarameter  that  determines  the  true  bearinq  of  a 

contact  from  the  own  shir/  at  a given  time. 


data  el emen t 


aata  element 


NAME  : 

Banae:  parameter  that  determines  the  distance  between 
the  own  ship  and  any  contact,  at  a given  time.  Can  be  given 
in  yards  or  in  nautical  miles. 


FORMAT  : 

mmm.m  or  yyyyyy  where; 

mmm.m  - value  in  miles  and  tenths  of 
miles.  Four  digits, 
ywyvy  - value  in  yards.  Six  digits. 


range  ; 

000.0  <r  mmm.m  < = 100.0 

000000  <=  yyyyyy  <=  999999 


COMMENTS: 

When  the  system  is  disolayino  a Range  parameter/  all 
values  less  than  or  eoual  to  5.0  nautical  miles  will  be 
always  displayed  in  yards.  The  system  keeps  the  internal 
value  in  miles. 


98 


oat  a el ement 


data  element 


N A M E : 


Latitude!  parameter  that  defines 
position  of  the  own  ship  or  any  contact, 
degrees*  minutes  and  tenths  of  minutes. 


the  aeoaraoh  i ca  1 
Consists  of  a sign* 


FORMAT  : 


dd ! mm .m  s where! 

dd  - value  in  deqrees.  Two  digits, 
mm.m  - value  in  minutes  and  tenths  of 
minutes.  Three  digits, 
s - sign  (North  (N)  or  South  (S)). 


RANGE : 

00  <=  dd  <=  89 
00.0  < - mm.m  <=  59. 9 


COMMENTS: 

The  initial  Position  of  the  own  ship  is  initially 
required  for  the  system;  later  positions  of  the  own  ship  and 
all  Positions  for  the  contacts  will  be  automatically 
calculated  by  the  system. 


99 


data  el emen t 


data  el ement 


N A W t r 

Lonqitude:  caraneter  that  defines  the  qeograohical 
position  of  the  own  ship  or  any  contact.  Consists  of  a siqn, 
degrees*  minutes  and  tenths  of  minutes. 


FORMAT  : 

ddd.mm.m  s where! 

ddd  - value  in  deorees.  Three  digits, 
mm.m  - value  in  minutes  and  tenths  of 
minutes.  Three  digits, 
s - sign  (East  (E)  or  West  («)). 


RANGE : 

0 0 < = ddd  < = 1 7 9 
00.0  < = mm.m  <=  59.9 

COMMENTS: 

The  initial  oosition  of  the  own  ship  is  initially 
required  for  the  system;  later  positions  of  the  own  ship  and 
all  positions  for  the  contacts  will  be  automatically 
calculated  by  the  system. 


100 


data  el emen t 


data  el emen t 


iN  A f»1  E : 


X:  parameter  that  defines  the  position  of  the  own  ship 
or  any  contact  in  the  Coordinate  Grid  System  being  used.  Its 
value  is  given  in  miles. 


FORMAT : 


snnnnnnnnnn .nn 


where: 


nnnnnnnnnn . nn  - 


sign  ( + or  - ) . 
value  in  miles  and 
hundreths  of  miles. 
Twelve  digits. 


RANGE : 


0.0  < = ! nnnnnnnnn  . nn  ! <=  9999999999  . 99 


COMMENTS 


Is  not  determined  cirectly  by  the  operator?  it  is 
calculated  automatically  by  the  system  which  also  takes  care 
of  its  format  and  range.  Could  be  positive  or  negative. 


data  element 


data  el ement 


NAmf 


Y:  parameter  that  defines  the  oosition  of  the  own  ship 

an v contact  in  the  Coordinate  Grid  System  being  used.  Its 


or  any  contact  in 
value  is  given  in 


FORMAT 


mi  1 e s . 


snnnnnnnnnn  . nn  where! 


nnnnnnnnnn.nn 


sign  (♦  or  -). 
value  in  miles  and 
hundreths  of  miles. 
Twelve  digits. 


RANGE : 


<=  Jnnnnnnnnn.nni 


qqqqqqqqqq ,qq 


COMMENTS  t 

Is  not  determined  directly  by  the  operator!  it  is 
calculated  automatically  by  the  system  which  also  takes  care 
of  its  format  and  range.  Could  be  positive  or  negative. 
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data  el emen  t 


oa t a e ■ emen  t 


i 


NAME : 

Oesianation  (Desio):  oarameter  that  defines  the  name 
given  to  a particular  contact.  Consists  of  two  alphabetic 
characters  or  one  blank  and  one  alohahetic  character. 


FORMAT  : 

Aa  where: 

A - Any  alphabetic  character  or  a blank, 
a - Any  alphabetic  character. 


RANGE: 

Not  app 1 i c ab 1 e . 


COMMENTS: 

Needs  to  be  unique  for  the  set  of  contacts  - 'intained  by 
the  system  at  any  qiven  time.  Upper  or  lower  case  characters 
can  be  used*  although  the  system  will  change  all  lower  case 
characters  to  their  upper  case  equivalents. 


103 


* 


data  element  data  element 


NAME; 

Type!  parameter  that  detines  it  the  contact  is  o t 
surtace  or  ^uO'Surface  kind. 

FORMAT  : 
t where! 

t - could  be  S (Surtace)  or  SS  (Sub-sur tace ) . 

RANGE : 

Not  aoo 1 i c afc I e . 

COMMENTS: 

None  . 


i 


I 

1 


1 04 


1 


data  el emen t 


data  element 


name  : 

Class:  parameter  that  defines  the  identity  and  purpose 

of  any  contact. 


FORMAT : 
c where : 

c - can  have  three  values: 

F if  Friendly  (FRI). 
H i f Host i 1 e (HOS)  . 

U if  Unknown  ( U N K ) . 


RANGE  : 

Not  apo 1 i c ab I e . 


COMMENTS : 

Depending  on  the  Class  of  any  contact*  the  symbol  used  to 
plot  its  positions  at  the  Plasma  Display  will  vary:  a circle 
is  used  for  Friendly  contacts*  and  an  'X  is  used  for 
Hostile  and  Unknown  contacts. 


data  el  ement 


data  element 


NAMfc ; 


Scale: 


parameter  that  defines  the  scale  at 
rented  at  t k =•  Plasma  Unit  is  displayed.  Can 


picture  presented  at  t h * m » asme  »n  . » « 

specified  uP  to  one  hundredth  of  a mile/mc 


FORMAT : 

mm .mm  where: 


mm  .mm 


value  in  miles  and  hundreths  of  miles 
per  inch.  Four  digits. 


RANGE : 


00.25  <=  mm. mm  <='25.00 


COMMENTS: 


two  Srale  valuers  used  in  determining  the  size  of 

utad  tn  TorJU  .....  ..  -a  d.sa.avad  «*• 


P 1 asma  Unit. 


data  element 


data  element 


NAME : 

Safe  CPA  Ranae:  parameter  that  defines  the  radius  °f  * 

circle  with  center  at  the  own  ship;  any  contact  that  wil 
pass  through  this  security  circle  will  be  considered  ' n 
col  1 i s i on  . 


FORMAT  ; 
yyyy  where: 

yyyy  - value  in  yards.  Four  digits. 


RANGE: 

0050  <=  yyvy  <=  1000 


COMMENTS : 

Initially  the  Safe  CPA  Panne  parameter  i 
automatically  by  the  system  to  a value  of  0050  yards. 


107 


data  element 


data  el ement 


Wind  Direction:  this  parameter  indicates  the  true  bearing 
from  which  the  wind  is  hlowina. 


h orma  r : 

ddd.d  where! 

ddd.d  - value  in  deqrees  and  tenths  of  degrees. 
Four  digits. 

RANGE: 

000.0  <=  ddd.d  < = 359.9 

COMMENTS: 


Used  only  for  cli  sol  ay  curooses 


data  el emen  t 


data  el ement 


7 


namf  : 

Wind  Sceed:  this  parameter  indicates 

the  wind  is*blowinci. 


the  speed  at 


FORMAT  : 

kk.k  where : . . . 

kk.k  - value  in  knots  (nautical  miles  / 
and  tenths  of  knots.  Three  diqits 

RANGE : 

00.0  <=  kk.k  <=  99.9 

COMMENTS: 

Used  only  for  display  purposes. 


f 

I 
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which 

hour) 


1 nout  command 


inout  command 


N A M £ 


Oriain  Ur>d  a t e . 


description: 

This  command  is  used  to  modify  the  Coordinate  Grid  Origin 
par amet ers. 


INPUT  REQUIRED: 


- New  Latitude  and  Longitude  values 


OPTIONAL  INPUT: 


- None. 


COMMENTS : 

This  command  causes  the  system  to  chanqe  all  the  X/Y 
values  that  had  been  calculated/  and  also  to  redraw  the 
Dicture  represented  at  the  Plasma  Display  with  the  last 
position  of  the  own  ship  at  the  center. 


1 10 


i npu  t command 


input  c ommand 


NAME- : 

Own  Ship  Uodate. 


DESCHIPT ION: 

This  command  is  used  to  modify  the  parameters  of  the  own 
ship:  Latitude#  Longituoe#  Course  and  Speed#  in  a selective 
way . 


INPUT  REQUIRED: 

- when  promoted  by  the  system,  indicate  which  parameters 
are  going  to  be  changed. 


OPTIONAL  INPUT; 


- New  Latitude  value. 

- New  Longitude  value. 

- New  Course  value. 

- New  Speed  value. 


DESCRIPTION: 

When  this  command  is  issued  and  when  the  system  prompts 
the  user  to  indicate  which  parameters  will  be  changed#  if 
the  user  responds  that  no  parameter  is  desired  to  be 
changed#  then  the  control  will  be  oassed  to  the  system 
ana i n . 

The  time  information  needed  will  be  automatically 
obtained  by  the  system,  and  will  be  the  time  at  which  this 
command  was  issued. 

If  any  parameter  is  changed,  this  causes  the  system  to 
automatically  ' update  the  position  of  the  own  ship  to  the 
moment  at  which  the  command  was  issued. 

All  changes  made  will  be  displayed  at  the  Video  Terminal 
and  reflected  in  the  Plasma  Disolav. 

If  the  Latitude  and/or  Longitude  values  are  changed,  then 
all  X / Y values  in  the  system  will  be  recalculated  and  a new 
picture  with  the  new  position  of  the  own  ship  at  the  center 
will  be  presented  at  the  Plasma  Display. 

Notice  also  that  when  the  Course  and/or  Speed  parameters 
are  changed,  no  CPA  information  will  be  available  for  any 
contact  until  a new  mark  is  obtained  for  any  contact  from 


incut  command 


incut 


command 


NAME  : 

Create. 

DESCRIPTION: 

This  command  is  issuec  to  record  a new  contact. 


INPUT  REQUIRED: 

- Designation. 

- Tyoe. 

- Class. 

- Be  a r i ng  . 

- Range. 


OPTIONAL  INPUT: 

- Course  and  Soeed  values  if  known. 


COMMENTS : 

When  this  command  is  issued,  the  oosi t ion  of  the  own  ship 
is  updated  to  that  moment;  the  first  position  of  the  new 
contact  will  be  displayed  at  the  Plasma  Unit#  if  possible 
(if  it  is  inside  the  winaow). 

The  system  will  check  for  the  Designation  given  to  the 
new  contact#  to  make  sure  that  it  is  not  being  utilized  at 
that  moment#  if  such  an  error  is  detected#  a warning  messaqe 
will  be  displayed. 

The  time  information  needed  for  the  contact  will  be 
au t oma t i c a 1 1 y obtained  by  the  system#  and  will  be  the  time 
at  which  this  command  was  issued. 

Notice  that  when  the  system  already  has  15  contacts#  this 
command  will  not  be  accented#  and  a warning  message  will  be 
i ssued. 

If  the  system  is  maintaining  less  than  six  contacts#  the 
information  entered  for  the  new  contact  will  be 
au t oma t i ca 1 1 y displayed  at  the  Surface  Status  Board 
presented  in  the  Video  Terminal.  In  the  case  of  six  or  more 
existing  contacts#  no  information  will  be  automatically 
d i so  1 ayed . 


1 1 l 


input  command 


i nput 


command 


NAME  ; 

Remove  Contact. 


DESCRIPTION: 

This  command  is  used  to  remove  a contact  from  the  system. 


INPUT  REQUIRED: 

- Assurance  that  this  command  is  really  desired. 

OPTIONAL  INPUT: 

- Desianation  of  the  contact  desired  to  be  removed. 

- Designation  of  a contact  desired  to  be  disolayed. 


COMMENTS: 

The  system  will  prompt  the  user  to  determine  if  this 
command  is  really  needed;  if  the  user  made  a mistake  in 
callinq  this  command  this  is  the  moment  to  rectify  it.  If 
the  user  agrees  that  this  command  is  really  needed*  then  the 
system  will  prompt  for  the  designation  of  the  contact 
desired  to  be  deleted. 

If  the  designation  qiven  to  the  system  does  not  exist* 
the  system  will  issue  a warnina  message*  and  will  again  try 
to  determine  if  this  command  is  really  desired. 

If  the  contact  removed  was  being  displayed  at  the  Surface 
Status  Board*  its  information  will  be  erased*  if  at  this 
moment  all  the  contacts  in  the  system  are  beinq  displayed  at 
the  Surface  Status  Board*  then  the  control  will  pass  aqain 
to  the  system;  however*  if  not  all  the  contacts  were  beinq 
displayed*  the  system  will  prompt  for  the  Designation  of  a 
contact  that  the  us?r  desires  to  be  displayed  in  place  of 
the  recently  removed  contact;  the  system  at  this  point  will 
check  that  the  Designation  given  really  exists  and  that  it 
does  not  correspond  to  a contact  already  being  displayed;  if 
any  error  is  discovered*  a warninq  message  will  be  issued. 

If  the  contact  just  removed  was  not  bc-inq  disolayed  at 
the  Surface  Status  Board*  the  control  will  pass 
automatically  to  the  system. 

If  the  contact  just  removed  was  being  disolayed  at  the 
Plasma  Unit*  its  oosition(s)  will  not  be  erased  until  a new 


picture  is  drawn. 

The  i n f o rma t i on  about  the  class  of  the  contacts 
system  will  be  also  automatically  updated. 

This  command  will  not  be  accented  if  there 
contacts  in  tne  system,  and  a warning  messaoe 
issued. 


innut  command 


input  command 


NAME : 


WeOe s i gna  t e . 


DESCRIPTION: 

This  command  is  used  to  aive  a new  Designation  to  any 
contact  already  in  the  syst»m. 


INPUT  REQUIRED: 

- Old  Desianation. 

- New  Designation. 


OPTIONAL  INPUT: 
- None. 


COMMENTS: 

This  command  will  check  Tor  both  Designations  to  be 
correct.  IT  any  one  oT  them  reoresents  an  error  - the  Old 
Designation  does  not  exist  or  the  New  Designation  already 
exists  - a warning  message  will  be  issued.  The  Old 
Designation  will  not  be  accepted  as  New  Designation  at  the 
same  time. 

IT  the  contact  being  redesignated  is  displayed  at  the 
SurTace  Status  board*  its  DESIG  Tield  will  be  automatical  1 v 
updated. 

IT  the  contact  being  redesignated  is  displayed  at  the 
Plasma  Unit*  its  DESIG  Tield  will  not  be  automatically 
updated  until  the  next  time  the  picture  is  drawn. 

This  command  will  not  be  accepted  iT  there  are  no 
contacts  in  the  system*  and  a warning  message  will  be 
i ssued . 


1 lt> 


i nout  command 


input  command 


N a mf  ; 

Contact  Uoda  t e . 


DESCRIPTION: 

This  command  is  used  to  uodate  the  information  about  any 
contact  being  maintained  by  the  system:  Type#  Class/ 
Bearinq/  Range/  Course  and  Speed/  may  be  changed 
selectively. 


INPUT  REQUIRED: 

- Designation  of  the  contact  desired  to  be  updated. 

- Indication  of  which  parameters  are  desired  to  be 


undated. 

OPTIONAL 

INPUT: 

- New 

Type  value. 

— New 

Class 

value. 

- Mew 

Bearing  value 

- New 

Range 

value. 

- New 

Course 

value. 

- New 

Speed 

value. 

COMMENTS 

• 

• 

If  the  user  responds  that  no  parameter  is  desired  to  be 
changed/  the  control  will  pass  automat i cal  1 y to  the  system. 

The  system  will  prompt  for  only  those  parameters  that 
were  indicated  by  the  user. 

The  time  information  needed  for  the  contact  will  be 
automatically  -obtained  by  the  system/  and  will  be -the  time 
at  which  this  command  was  issued. 

If  the  Bearing  and/or  Ranee  parameters  are  chanqed/  this 
will  cause  the  system  to  automatically  uodate  the  position 
of  the  own  ship  to  the  moment  at  which  this  command  was 
i s sued . 

The  system  will  check  that  the  Designation  given  is 
correct/  and  if  an  error  is  detected/  then  a warninq  message 
will  be  i s sued . 

If  the  contact  being  updated  is  also  displayed  at  the 
Surface  Status  Board/  its  new  parameters  will  be-  displayed 
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i nput  command 


i nout  C ommand 


NAME  : 

Swap  Con  tacts. 


DESCRIPTION: 

This  command  is  used  to  chanoe  the  list  of  contacts  that 
are  being  disolayed  on  the  Surface  Status  Board. 


INPUT  REQUIRED: 

- Desi gnat i on  of  a contact  desired  to  be  out  of  the 
d i so  1 ay  . 

- Designation  of  a contact  desired  to  be  in  the  disolay. 

OPTIONAL  INPUT: 

- None. 


COMMENTS: 

The  system  will  check  for  the  following  oossibie  errors: 

- A non-existent  Designation  is  given. 

- The  Designation  of  a contact  that  is  not  at  the  display 
is  qiyen  to  indicate  the  contact  desired  to  be  out  of  the 
display. 

- The  Designation  of  a contact  already  in  the  display  is 
given  to  indicate  the  new  contact  desired  to  be  in  the 
disolay. 

In  any  of  these  cases,  the  system  will  issue  a warring 
message  and  continue  to  prompt. 

This  command  will  not  be  accepted  if  the  number  of 
contacts  in  the  system  is  less  than  seven,  and  a warning 
message  will  be  issued. 


i nout  command 


i nout  command 


nave  : 
Time. 


DESCRIPI ION: 

This  command  is  used  to  uoda t e /c h anqe  all  the  parameters 
that  the  system  has  with  r»soect  to  timet  Time  Zone  Number# 
System  Clock  Value  and  Time  Retween  updates. 


INPUT  REQIJIHED: 

- Indication  of  which  parameters  are  desireo  to  be 
updated . 

OPTIONAL  INPUT: 

- New  Time  Zone  Number  'value. 

- New  System  Clock  value. 

- New  Time  between  Uooates. 


COMMENTS: 

If  the  user  resoonds  that  no  parameter  is  desired  to  be 
cbanaed#  the  control  will  pass  automatically  to  the  system. 

If  the  Time  Zone  Number  is  modified#  the  new  value  will 
be  automatically  displayed  at  the  Video  Terminal. 

If  the  Time  Between  Updates  is  modified  and  the  new  value 
is  smaller  than  the  old  one#  the  elapsed  time  from  the  last 
automatic  update  of  the  own  ship's  position  will  be  compared 
against  the  new  Time  Between  Updates#  and  if  appropriate# 
the  position  of  the  own  ship  will  be  updated. 


input  command 


input  command 


NAME : 

CPA  Safe  Range  Undate. 


DESCRIPT  ION: 


This  command  is  used  to 
CPA  Safe  Ranae  parameter 
Remember  that  the  ini 
Range  is  0050  Yards. 


urdat e/chanqe  the 


i t i al  default  value  of 


value  of 
the  CPA 


the 

Safe 


INPUT  REQUIRED: 

- New  CPA  Safe  Range  value. 


OPTIONAL  INPUT: 
- None  . 


COMMENTS: 

The  new  CPA  Safe 
c a 1 c u 1 a t i on s > and 
reflect  this  change 


Range  will  he  used  in  all  following  CPA 
the  Display  will  not  be  affected  to 
until  such  new  calculations  occur. 
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i nnut  command 


i npu  t command 


NAMF  : 

wind  Update. 

description: 

This  command  is  used  to  introduce/update  information 
about  the  wind. 

INPUT  REQUIRED: 

- New  Wind  direction  value. 

- New  wind  speed  value. 

OPTIONAL  INPUT: 

- None. 

: 

COMMENTS: 

This  information  is  used  for  display  purposes  only. 


incut  command 


incut  command 


I 


N a m p : 


Scale  Uodafe. 


DESCRIPTION: 

This  command  is  used  to  modify  the  value  of  the  Scale 
parameter  be i na  used  to  define  the  window  that  limits  the 
picture  to  be  reoresenteo  at  the  Plasma  Display. 


I NPI.lT  REQUIRED: 

- Mew  Scale  value. 


OPTIONAL  INPUT: 
- None* 


COMMENTS: 

This  command  will  cause  the  system  to  define  a new  window 
to  be  used  in  forminq  the  picture  to  be  represented  at  the 
Plasma  Display?  a new  picture  will  be  presented  reflecting 
the  change  made*  with  the  last  position  of  the  own  shio  at 
t he  center. 

Notice  that  the  value  of  the  Scale  parameter  is 
permanently  displayed  at  the  Plasma  Unit. 
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i nput  command 


i n p u t command 


NAME  : 

P 1 asma  Reorient. 

DESCRIPTION: 

This  command  is  used  to  redefine  the  oosition  of  the 
window  used  to  form  the  oicture  to  be  presented  at  the 
P 1 asma  Display. 

INPUT  REQUIRED: 

- Type  of  reorientation  desired. 

OPTIONAL  INPUT: 

- Value  of  new  point  to  be  at  the  center  of  the  new 
w i ndow  . 

- Designation  of  a contact  whose  last  position  is  desired 
to  be  at  the  center  of  the  new  window. 

COMMENTS: 

This  command  allows  the  user  to  redefine  the  position  of 
the  window  in  three  different  ways: 

- By  selecting  one  of  eight  predefined  points  to  be  the 
center  of  the  new  window. 

- By  making  the  last  position  of  the  own  ship  to  be  the 
center  of  the  new  window. 

- By  selecting  the  last  position  of  any  contact  to  be  the 
center  of  the  new  window.  This  possibility  is  allowed  only 
when  there  is  at  least  one  contact  in  the  system.  The  system 
will  also  check  for  a valid  Designation,  and  will  issue  a 
warning  message  if  necessary. 

This  command  will  cause  the  system  to  draw  a new  oicture 
at  the  Plasma  Display,  according  to  the  picture  defined  by 
the  new  oosition  of  the  window. 


12« 


1 

, 


d i so  1 ay  command 


display  command 


NAME : 

0 r i q i n . 

DESCRIPT ION: 

This  command  is  used  to  display  the  values  of  the 
Coordinate  Grid  Oriqin:  Latitude  and  longitude. 

INPUT  REQUIRED: 

- None. 

INFORMATION  DISPLAYED: 

- Coordinate  Grid  Origin  Latitude  value. 

- Coordinate  Grid  Origin  Longitude  value. 

COMMENTS: 

This  information  is  displayed  using  the  lower  portion  of 
the  screen. 

The  control  will  pass  to  the  system  after  pressing  the 
'GO*  key  when  indicated. 


display  command 


display  command 


name: 

Scale. 

DESCRIPTION: 

[his  command  is  used  to  display  the  value  of  the  Scale 
parameter  currently  in  use. 


INPUT  REQUIRED: 
- None. 


INFORMATION  DISPLAYED: 

- Scale  parameter  value. 

COMMENTS: 

This  information  is  displayed  using  the  lower  portion  of 
the  screen. 

The  control  will  pass  to  the  system  after  pressing  the 
•GO*  key  when  indicated. 

Notice  that  the  value  of  the  Scale  parameter  is 
permanently  displayed  at  the  Plasma  Unit. 
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d i sol  ay  command 


oi so  I ay  command 


NAME  : 

Own  Ship. 


description: 

This  command  is  used  to  display  the  parameters  associ 
with  the  last  position  of  the  own  ship. 


INPUT  REQUIRED: 
- None. 


INFORMATION  DISPLAYED: 

- First  o age:  Positional  data. 

1)  Latitude  and  Longitude  values. 

2)  X and  Y values  of  the  last  determined 
oos i t i on  . 

- Second  page:  Tactical  data. 

1)  Time  of  last  Course  and/or  Speed  change. 

2)  Course  and  Speed  in  effect  at  the  moment. 


COMMENTS: 

This  information  is  displayed  using  the  lower  portion 
the  screen. 

The  different  oaaes  are  obtained  by  pressing  the  'GO' 
each  time  a new  page  is  cesi red. 

The  control  will  return  to  the  system  after  the  last 
has  been  passed*  by  pressing  the  'GO'  key. 


a t eo 


o f 
key 
page 
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display  command 


display  c ommand 


name : 


Contact  Information. 


description: 


This  command  is  used  to  disolay  information  about  any 
contact  beina  maintained  by  the  system. 


INPUT  REQUIRED: 

- Desianation  of  a contact  whose  information  is  desired. 


INFORMATION  DISPLAYED: 

- First  page:  General  data. 

1)  Designation,  Tyoe,  Class,  and  Current  Number 
of  Positions  in  the  system. 

- Second  paae:  Positional  data. 

1)  Latitude  and  Longitude  values  of  the  last 
determined  position. 

2)  X and  Y values  of  the  last  determined 
position. 

- Third  paae:  Tactical  data. 

1)  Time  at  which  the  present  data  was  obtained. 

2)  Bearinq  and  Range  values  of  last  mark. 

3)  Course  and  Speed  values  if  available. 

- Fourth  cage:  CPA  data. 

1)  Time  at  which  CPA  will  occur,  if  applicable. 

2)  Bearing  and  Range  defininq  the  CPA,  if 
aon 1 i c ab 1 e . 

3)  Note:  if  CPA  can  not  be  calculated  a message 
will  be  displayed  in  place  of  this  information.  Also,  if  a 
special  CPA  case  is  present,  one  of  the  following  messages 
will  be  displayed: 

- "COLLISION  AT  ..(time).."  (Blinking). 

- "MOVING  Art  AY". 

- "SAME  COURSE  AND  SPEED". 

- Fifth  page:  Actual  Estimated  Position. 

1)  Bearing  and  Ranqe  defininq  the  estimated 
position  of  the  contact.  This  will  only  be  displayed  if  the 
Course  and  Speed  values  of  the  Contact  are  known. 


COMMEN TS: 
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This  information  is  displayed  using  the  lower  portion  of 
the  screen. 

The  different  pages  are  obtained  by  pressing  the  ' G U ' key 
each  time  a new  page  is  aesi red. 

The  control  will  return  to  the  system  after  the  last  paae 
has  been  passe:])  bv  pressing  the  'GU'  key. 

The  system  will  check  for  a valid  Designation#  and  a 
warnina  message  will  be  issued  if  a mistake  is  detected. 

This  command  will  not  be  accepted  if  there  are  no 
contacts  in  the  system#  and  a warning  message  will  be 
i s sued . 


d i so  1 a v command 


display  command 


NAME  : 

Contacts  in  System. 


inscription: 

This  command  is  used  to  obtain  information  about  the 
Designation  of  all  the  contacts  in  the  system. 


INPUT  REQUIRED: 
- None. 


INFORMATION  DISPLAYED: 

- Designations  of  the  contacts  maintained  by  the  system. 


COMMENTS: 

This  information  is  displayed  by  using  the  lower  oortion 

of  the  sc reen  . . , 

This  command  will  not  be  accented  if  there  are  no 
contacts  in  the  system,  and  a warmno  message  will  be 

i s sued . 


display  command 


display  c ommand 


NAME : 

Reauest  CPA  Safe  Ranoe. 

DESCRIPTION: 

This  command  is  used  to  obtain  information  about 
current  value  of  the  CPA  Safe  Range. 

INPUT  REQUIRED: 

- None. 

information  displayed: 

- Actual  CPA  Safe  Ranoe  value. 

COMMENTS: 

This  information  is  displayed  using  the  lower  portion 
the  screen. 

The  control  will  pass  to  the  system  after  pressi nq 
'GO'  key  when  indicated. 


display  command 


display  command 


name-  : 

Wind. 


DESCRIPTION: 

i 

This  command  is  used  to  obtain  information  about  the 
wind. 


INPUT  REQUIRED: 
- None. 


INFORMATION  DISPLAYED: 

- wind  direction  and  Aind  speed  values  it  available.  If 
there  is  no  information  about  the  wind»  a warning  messaae 
will  be  issued. 


COMMENTS: 

This  information  is  displayed  using  the  lower  portion  of 
the  screen. 

The  control  will  pass  to  the  system  after  pressing  the 
'00'  key  when  indicated. 


display  command 


display  command 


NAME  : 


Time  Between  Updates* 


description: 

This  command  is  used  to  obtain  information  about 
current  value  of  the  Time  Between  Uoaates  parameter. 


INPUT  REQUIRED: 
- None  . 


INFORMATION  DISPLAYED: 

- Actual  value  of  the  Time  Between  IJooates  parameter. 


COMMENTS: 

This  information  is  displayed  using  the  lower  portion 
the  screen. 

The  control  will  pass  to  the  system  after  pressing 
'GO'  key  when  indicated. 

Notice  that  the  default  value  of  this  parameter  is 
seconds . 


APPENDIX  0 FLOATING-POINT  HARDWARE  BOARD 


A.  GENERAL  INFORMATION 

The  f 1 oa t i no-oo i n t package  develooed  for  this  system  is 
based  on  the  SBC  310  Hich-soeed  Mathematics  Unit  from  INTEL 
Corporation.  As  describee  by  the  Reference  No.  10,  the  SBC 
310  unit  is  a memper  of  a complete  tine  of  the  INTEL  SBC  80 
system  expansion  modules.  In  performing  high-speed 
mathematic  functions,  the  Math  Unit  acts  as  an  intel 1 ioent 
processor  slaved  to  one  or  more  SRC  80  computer  masters.  The 
Math  Unit  performs  its  repertoire  of  IB  arithmetic  functions 
an  order  of  magnitude  faster  than  is  possible  with  software 
rout i nes. 

8.  DESCRIPTION  OF  THE  math  UNIT 

The  Math  Unit  is  a m i c r op r og r ammed  processor  on  a single 
board  and  is  designed  to  be  plugged  into  a standard  SBC 
604/61B  Modular  Backplane  and  Cardcage  to  interface  directly 
with  an  SBC  80  Single  Hoard  Computer  or  to  be  used  with  an 
INTEL  Intellec  Microcomputer  Development  System  (MRS). 


S t andard 

ooerat i ons 

include 

f 1 oa  t i ng-po i n t 

add , 

subtract,  multiply,  divide 

, sguare. 

and 

sauare  root 

; fixed- 

point  i n t ede  r 

multiply. 

divide. 

and 

extended 

divide,’ 

convers i ons 

between 

fixed 

and 

f 1 oa t i 

ng-oo i n t 

represent  at i ons 

,'  and  test, 

c ompa  re , 

and 

argument 

exchange 

ooerat ions. 

The  Math  Unit  implements  unbiased  rounding  for  maximum 


accuracy.  Unbiased  roundim  is  t he  sane  as  ordinary 
roundina  unless  the  result  is  exactly  midway  between  two 
floating-point  numbers;  in  this  case*  ordinary  roundinq 
always  increases  the  result.  whereas  unbiased  roundina 
rounds  the  result  to  the  nearest  even  number.  when  a 
calculation  is  oerformec  that  results  in  either  an  exponent 
underflow  or  overflow,  the  Math  Unit  provides  exponent 
wraparouna  to  prevent  loss  of  information. 

Operation  codes  for  invokinq  the  arithmetic  functions 
are  Passed  to  the  Math  Unit  via  I/O  Write  commands,  which 
are  also  used  to  initialize  the  unit  with  a memory  base 
address.  I/O  Head  commands  are  used  to  determine  the  Math 
Unit  Status.  Arguments  are  passed  to  the  Mat  h Unit  via 
Memory  write  commands  and  the  results  are  obtained  via 
Memory  Read  commands. 

The  Math  Unit,  which  can  be  operated  either  in  the 
Interrupt  or  Polled  mode,  generates  a Busy  signal  during 
processing  operations  anc  generates  either  a Complete  signal 
or  an  Error  signal  after  the  computation  is  complete.  The 
information  to  the  host  computer  which  these  three  signals 
convey  is  explained  in  Reference  No.  10. 

The  memory  base  address  and  I/O  base  address  are  user 
selectable.  The  lb-bit  memory  address  is  completely  under 
software  control  and  is  assianed  by  the  host  processor 
through  a sequence  of  I/O  Write  commands  addressed  to  the 
Math  Unit.  The  8-bit  I/O  base  address  is  selected  by  a dual 


inline  package  (DIP)  switch  on  the  board 


All  Math  Unit  operations/  including  arithmetic 
ca 1 cu 1 at i ons  / data  flow  between  functional  elements  on  the 
board  bus  interface/  and  associated  loqical  tasks,  are 
resident  microprogram  permanently  stored  in  a set  of  eight 
INTEL  3 o 0 4 Eraseable  Programmable  Read  Only  ^emory  (EPROM) 
chips.  This  memory  provides  1/024  micro-instructions  of  32 
bits  each. 

C.  PREPARATION  FOR  USE 

1.  Installation  Cons i de r a t i ons 

The  Math  Unit  board  is  designed  for  interface  with 
an  INTEL  SBC  80  Sinale  Board  Computer  based  system  or  an 
INTEL  Intel lec  Microcomputer  Development  System  (MDS). 

When  installing  the  SBC  310  in  an  INTEL  Intellec 
MDS/  the  CPU  board  needs  to  be  reconf iaured  in  order  to 
generate  a Qualified  write  Signal/  this  reconfiguration  was 
obtained  by  overriding  the  advanced  acknowledge  (AACK) 
feature/  by  moving  a jumper  labeled  "advanced  write"  from  a 
D-C  connection  to  an  E-D  connection  and  bv  disabling  the 
AACK/line  (Din  25)  on  the  CPU  board  as  shown  in  the 
schematic  diagram  at  page  3-47  of  the  Reference  No.  6. 

Other  details  about  installation  can  be  seen  on 
Chapter  2 of  the  Reference  No.  10. 

2.  I/O  Base  Address  Switches 

The  host  processor  transmits  control  information  and 
receives  status  information  from  the  Math  Unit  by  issuinq 
I/O  Write  and  I/O  Read  commands/  respectively.  The  I/O 
address  used  for  these  commands  is  relative  to  an  8-bit  base 


13b 


address  that  must  be  a multiple  of  B.  This  base  address  is 


assigned  by  the  user  by  means  of  an  8-pole  dual  inline 
packaae  (DIP)  switch  assembly.  Five  of  the  eiaht  switch 
poles  are  connected  to  the  I/O  base  address  detection  logic; 
the  other  three  poles  are  unused. 

The  Math  Unit  used  had  its  DIP  switch  set  to  the  I/O 
base  address  of  10  hexadecimal  (only  switch  pole  no.  4 was 
set  on)  . 

3.  Programming  Information 

The  I/O  base  address,  which  must  be  assigned  by 
switch  selection  before  the  memory  base  address  can  be 
assigned,  is  normally  performed  as  part  of  the  initial 
installation  procedure.  This  switch  sett ina  allows  the  user 
to  establish  a reference  or  base  to  the  ports  beinq  used  in 
the  I/O  operations } Table  Uo.  IV  shows  the  configuration  of 
the  I/O  addressing  as  it  was  set  in  the  system. 

The  memory  base  address,  which  is  software 
controlled,  is  assignee  by  a seauence  of  two  I/O  write 
commands.  The  first  command  is  addressed  to  port  P+l  and 
loads  the  low-order  byte  of  the  memory  base  address.  The 
second  command  is  addressed  to  port  P+?  and  loads  the  high- 
order  byte  of  the  memory  base  address.  The  memory  base 
address  must  be  a multiple  of  lb;  i.e.»  the  lower  byte  must 
be  in  the  form  XOH  (X  is  any  hexadecimal  aiqit)  to 
accomodate  the  lb  required  memory  locations  used  in  the 
arithmetic  ooerat ions.  In  the  system  developed  for  this 
thesis  the  memory  base  address  was  set  at  0F790H.  After  both 
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I/O  PORT 
ADDRESS 

OUTPUT 

INPUT 

P = 0 1 OH 

OP  CODE 

R 

01  IH 

MEM  LOW 

STATUS  BYTE 

012H 

MEM  HIGH 

R 

0 1 3H 

R 

R 

0 1 <JH 

R 

R 

015H 

R 

R 

0 1 6H 

R 

R 

0 1 7H 

R 

FLAG  BYTE 

P:  I/O  base  address. 

R:  Reserved. 

OP  CODE:  Mathematic  function;  see  Table  I. 

MEM  LOW:  Memory  base  address  (lower  byte). 

MEM  HIGH:  Memory  base  address  (uoper  byte). 

I ................................................. * 


TABLE  IV 


I/D  ADDRESSING 


bytes  are  output*  the  memory  base  address  (M)  is  established 
and  need  not  he  reloaded  during  any  subsequent  operations. 

An  initialization  routine  for  establishing  the  memory  base 
address  was  designed  and  it  can  be  seen  in  the  "INITJFP" 
procedure  in  the  f 1 oat i nq-ooi nt  module  (see  " F L 0 A T I NG $PU  I to T " 
module  at  Aopendix  E). 

*4 . Math  Unit  Functions 

The  Math  Unit  performs  float inq-ooi nt  arithmetic* 
fixed-point  integer  arithmetic*  compare  and  test  operations* 
and  float-to-fix  and  f i x -t o“ f 1 oat  conversions.  Operation 
codes  and  execution  times  for  the  various  functions  are 
listed  in  Table  No.  I.  Arithmetic  and  conversion  formats  are 
shown  in  Table  No.  V. 

Beyond  the  functions  Performed  by  the  M a t h Unit*  the 

I 

Floating-point  nackaoe  was  desianed  with  two  mo  re  procedures 
which  compute  the  cosine  and  sine  of  a given  angle  and  the 
arc  tangent  value  of  the  ratio  of  two  given  arguments. 

It  was  observed  that  the  compare  operation  between 
two  f 1 oa t i ng-oo i n t numbers  did  not  work  properly  when  the 
two  numbers  were  both  negative*  due  to  this  fact*  further 
code  was  implemented  in  the  "FCMPR"  procedure  as  can  be  seen 
in  the  Append i x E . 

5.  Argument  and  Result  Data  Formats 

Argument  and  result  data  formats  and  memory 
locations  for  the  various  operations  are  presented  in  Table 
No.  VI.  For  each  argument  and  result*  this  table  includes  a 


the  four  formats 


1 39 


format 

NO. 


single  precision  floating  point 


TABLE  V.  ARITHMETIC  AND  CONVERSION  FORMATS 

1 u 0 


f 


shown  in  Table  No.  V.  Table  No.  VI  also  includes  the  OP  CODE 


u 

for  each  ooeration.  It  is  important  to  note  that  the  result 
of  an  ocerat  ion  replaces  the  first  arqument  in  memory,  and 
t nat  the  secona  argument  may  be  destroyed  in  the  course  of 
the  computation;  these  side  effects  were  avoided  in  the 
f 1 oa f i ng-no i n t software  aesiqn  by  saving  the  oriqinal  values 
and  by  allowing  the  user  the  possibility  of  having  one  of 
the  operands  as  the  result.  Error  conditions  for  each 
operation  are  described  in  the  next  paragraph. 

6.  Status  and  Flags 

The  Math  Unit  may  be  operated  in  the  interrupt  mode 
o r do  lied  mode . 

In  the  interrupt  mode.  the  Math  Unit  may  be  wire- 
wrapped  to  initiate  an  interrupt  request  under  one  or  both 
of  the  following  conditions: 

a.  Operation  complete  without  an  error. 

b.  Operation  complete  with  an  error. 

These  "completion"  siqnals  may  be  individually 
wire-wraoned  to  separate  interrupt  lines  or  both 
"completion"  siqnals  may  be  wire-wrapped  to  the  same 
interrupt  line  (Ref.  No.  101. 

In  the  polled  moce»  the  subroutine  designed  for  this 
purpose  checks  both  the  status  byte  and  the  flag  byte 
(Tables  No.  VII  and  No.  VIII).  The  polled  mode  procedure 
looos  on  testinq  the  busy  bit  until  the  busy  bit  is  clear, 
and  then  checks  the  error  bits.  If  an  error  exists.  the 
error  code  is  input  from  the  Math  Unit  and  a message  error 
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OP 

OP 

ARGUMEN T 

ARGUMENTS  * « 

RESULT 

RESULT  * * * 

coot 

FURM A r * 

FORMA T * 

MUL 

0 

2 

M,M+  1 

M 1 4 , M ¥ 5 

2A 

M,M+l,v+2,M+3 

D I V 

1 

1 

M , M + 1 

2 

m * M ♦ 1 ( r em  . 

M+a,M+s 

in  M+4,M+5) 

EDI  V 

E 

PA 

M,M+1 ,M+2,M+3 

2 A 

M # M +■  1 ,M  + 2fM  + 3 

2 

m + a , m f s 

( rem  . in  M + u , 
M+S,M+b,M+7 ) 

F MUL 

2 

1 

M,M+1 ,Mt2,M+3 

1 

M,M+l,M+2,M+3 

FDI  V 

3 

Mt4,M+5,M+fe,M+7 

FADD 

a 

F SUB 

5 

FSOR 

6 

1 

M,M+l,M+2,M+3 

1 

m,m+1,M+2,M+3 

FSQRT 

7 

fltds 

8 

3 

m , M + 1 , M 1 2 » M + 3 

1 

M , M ♦ 1 , M ♦ 2 , M + 3 

FIXSD 

9 

1 

M , M +•  1 ,M  + 2,Mf3 

3 

M,M+l,M+2,M+3 

FCMPR 

A 

1 

M f M -f  1 3 

- 

STATUS  byte 

FZTST 

B 

1 

- 

STATUS  byte 

EXCH 

F 

Any 

M , M ♦ 1 , M + 2 » M + 3 

• 

Rotates  both 

Mf4,M+5,M+6,Mt7 



argument  s . 

* Refer  to  aooroDri ate  FORMAT  NO  column  in  Table  V. 

**  Second  argument  is  always  the  ooerator,  and  may  be 
destroyed  during  the  ooeration. 

***  Results  of  all  ooerationsi  except  FIXSD  are  rounded. 
FIXSD  truncates  the  result. 
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7 

6 

s a 

3 2 10 

1 1 

1 1 

: r i 

R 

i I I 

• » ( 

; p ; r ! 

III  1 

r : e ! r.  ; b*  : 

iii  • 

• 1 

1 ...  1 

— 

f * * 

iii  • 

wne  re : R 

i s 

reserved 

for  future  use. 

d 

i s 

busy . 

C 

i s 

ooe  r a t i on 

complete  without 

error. 

t 

i s 

ooera  t i on 

complete  with  error. 

* ft  h e n R = 

1 , 

the  fr at  h 

Unit  is  busy  and 

cannot 

respond 

t o 

further  requests  except  requests 

for  flags. 

TABLE 

VII 

. FLAG  BYTE  FORMAT 

7 

6 

S 

a 

3 2 10 

1 

f 

1 

• 

> 

... 

< 

R 

1 1 

R ! ERR 

i i 

• i 

where : 


R is  reserved  for  future  use.  , 

= is  equal  (for  FCMPR  and  FZTST). 

> is  greater  than  (for  FCMPR  and  FZTST). 
< is  less  than  (for  FCMPR  and  FZTST). 


ERR  is  a 3-bit  error  code  specifying  one  of  the 
following  error  conditions: 


000 

No  error. 

00  1 

Divide  by  zero. 

010 

Dora  in  error. 

Oil 

0 ve  r f 1 ow  . 

100 

Underflow. 

1 0 1 

First  argument  invalid. 

110 

Second  arqument  invalid 

1 1 1 

Reservea  . 

TABLE  VIII.  STATUS  BYTE  rORfoAT 
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is  issued.  The  software  aeveloped  for  control  of  the 


Path 


Unit  in  the  system  employs  the  polled  mode  described. 

As  mentioned  before*  the  condition  of  the  Path  Unit 
is  continuously  uodatec  and  stored.  The  flag  byte  shown  in 
Table  No.  V 1 1 may  be  obtained  by  performing  an  I/U  Wear) 
command  to  P + 7 (Table  No.  IV).  After  an  operation  is 
completed*  the  status  byte  may  be  obtained  by  performing  an 
I/O  Read  command  to  P+1  (Table  IV). 

As  shown  in  Table  No.  VIII,  the  status  byte 
indicates  error  conditions  where  applicable  and  the  results 
of  Compare  ( " F C M P R " procedure)  and  Test  ("FZTST"  procedure) 
operations.  Each  of  the  si*  error  conditions  are  defined  as 
f o 1 lows: 

a.  Divide  by  Zero  (001)  - This  error  condition  is 
returned  by  either  "DIV"*  " E D I V “ * or  "FDIV"  procedures  to 
indicate  that  an  attempt  was  made  to  divide  by  zero. 

b.  Domain  Error  (010)  - This  error  condition  is 
returned  by  the  "FSQRT"  procedure  to  indicate  that  the 
argument  was  not  in  the  aomai n of  the  function;  i.e.*  an 
attempt  was  made  to  take  the  square  root  of  a neqative 
number . 

c.  Overflow  (Oil)  - This  error  condition  is 
returned  by  the  "FADD",  "FSUB",  "FMUL",  "FDIV",  " FSQR " * and 
"FlxSD"  procedures.  In  the  case  of  "FIXSD"  procedure*  this 
error  indicates  that  the  f 1 oa t i nq-oo i n t number  is  too  larqe 
to  be  converted  to  a 32-bit  two's  complement  signtd  integer. 
If  an  overflow  error  occurs  during.  "FIXSD",  the.  floating- 


point  argument  is  left  unchanged  and  may  be  read  from  the 
Math  Unit. 

In  all  other  cases,  this  error  condition 
stqni ties  tnat  the  exponent  of  the  result  is  too  large  to  oe 
represented  in  eiaht  bits.  Tn  this  case,  0 B E H is  subtracted 
from  the  resulting  exponent  (bringing  it  back  into  range  for 
other  computations  and  ensuring  a valid  result)#  and  the 
lower  eight  bits  of  trie  exponent  are  returned  in  the 
exponent  field  of  the  result. 

d.  Underflow  (100)  - This  error  condition  is 

returned  by  the  "FADD",  "FSUB",  "FMIJL",  "FDIV",  and  "FSOR" 


procedures  to  indicate  that  the 

e xoonent 

o f 

the  result  is 

too 

small  to 

be  represented 

in  e i qh  t 

bits 

. In  this 

case , 

0BEH 

is  added  to 

the  resulting 

exponent 

( b r i 

nq i ng  it 

back 

into 

range  for 

other  computations  and  ensuring  a 

valid 

resul t ) , and  the 

lower  eight 

bits  of 

the 

exponent 

are 

returned  in  the  exponent  field  of  the  result. 

e.  First  Argument  Invalid  (101)  - This  error 

condition  is  returned  by  the  "FADD",  "FSU8",  "FMUL",  "FDIV", 
"FSQR",  "FSQRT",  "FIXSD",  "FCMPR",  and  "FZTST"  procedures  to 
indicate  that  the  first  (or  only)  argument  for  the  specified 
function  is  invalid.  The  second  argument  (if  applicable)  is 
not  checked  if  this  error  is  encountered.  The  invalid 
arqument  is  left  unchanged  and  may  be  read  from  the  Math 
Unit. 

f.  Second  Argument  Invalid  (110)  - This  error 

condition  is  returned  by  the  "FADD",  "FSUB",  "FMUL",  "FDIV", 
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and  "FCMPR"  procedures  to  indicate  that  the  second  arqument 
for  the  specified  function  is  invalid.  This  error  condition 
occurs  only  after  the  first  argument  is  checked  and  found 
valid.  The  invalid  argument  is  left  unchanoed  and  mav  be 
read  from  the  Math  Unit. 

NOTES: 

(1)  The  f loatina-ooint  arqument  may  be 
expressed  as  : 

(-1)  x ( 2^  - bias)  x ( 1 . F ) 

Notice  that  a "1"  is  assumed  in  the 
hiahest  position  of  F. 

(?)  There  is  one  unique  representation 
for  zero  : 

S = 0 
E7-E0  = 0 
F22-F0  = 0 

(3)  The  following  representations  are 
i n v a 1 id: 

(a)  assures  unique  representation 
of  zero 

E7-E0  = 0,  and 
S 0 or  F22-F0  £ 0 

(b)  reserved  for  future  enhancements 

1 Ufe 


! F.P. 
NUMBER 

M+  1 

M + 3 

i -s.o 

0 OH 

0 OH 

0 A 0 H 

OCOH 

: -3.0 

0 OH 

0 0 H 

OOH 

OCOH 

: -2.0 

0 OH 

0 0 H 

OOH 

OCOH 

: -1.0 

0 OH 

OOH 

BOH 

OBFH 

: o.o 

o oh 

0 OH 

OOH 

OOH 

1 +1.0 

0 OH 

OOH 

8 OH 

3F  H 

; +2.o 

o Oh 

OOH 

OOH 

ooh 

! +3.0 

OOF 

OOH 

UOH 

a oh 

! +5.0 

o oh 

OOH 

OAOH 

OOH 

: +5. a 

OCDH 

OCCH 

0 ACH 

aoH 

• _______ 

_ _ _ _ 

m __ 

r _ 

_ ' 

TABLE.  IX.  FLO*  TING-POINT  NUMBERS 


APPENDIX  F PROGRAM  LISTINGS 


A.  EXTERNAL  DECLARATIONS 

1.  ExTER 16  7 

2.  EXTFR  B1 I b 7 

3.  EXTERN 17? 

B.  PROCEDURES  BY  MODULE 

l.  mainsmodule l/a 

NOSaIMD 179 

NOSCONTACT 180 

NOT  SENOUGHSCONT  ACTS 1 8 1 

TOO$MANY$CON  TACTS 1ft? 

MOVESOANSSHIP 183 

EXE'CUTIVE  (not  a procedure) 18  6 

?.  EXECUTI VESCOMMANCS 193 

DESHASH ?00 

CHECKS  GO.?  KEY.  . 201 

DISPLAYSKIND 202 

CHECK  .fOE SIG 203 

CONVSMINSRAD 20a 

CONVSRADSMIN 205 

CONVSXY 206 

CONVSRELJXY 208 

INI  TS STRUCTURES 210 

GETSSYSTEMSPARAMETERS 212 


l aa 


D ISPLAYSCONTACT 


216 


CREATE 


218 

REMOVE 222 

REDESIGNATE ?26 

UPDATE 22R 

SWAP  SCO  NT  AC  TS 2 35 

TRANSLATE 238 

OwNSSHIPS UPDATE 2a0 

ORIGIN 2^5 

WIND 2«b 

SCALE 2aft 

2^R 

251 

3.  CPAS  MODULE 25a 


CONVSCONT  ACTS  TIME 255 

CP  A S T I ME  SCON  257 

25R 

CPASCALCULA  TION 261 

GETSCPA 27a 

a.  277 

27R 

281 

DISPLAYSTYPE , 28  2 

283 

28a 

DISPLAY  286 

DISPLAY3CRSS8RG 287 

DISPLAYSSPD 288 
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DISPLAYSRANGE 


289 


r* 


i 

i 


DISPLAY  ST  I ME 

DISPLA YSOR IGIN 

DISPLAYSSCALt 

DISPLAYSOwNSSHIP 

DISPLAY SCONTACTSINFO 

DISPLAYSSYSTEm 

DISPLAY. SSAFESPNG.  . . . 

DISPLAYSwINO 

DISPLAYSUPDATF.STIME. 

COMMANDS 

PRIN  rSEPRORSMSG 

CHECKSYESSNO 

CHECK SFPSVALUE 

CHECKSINPUT 

GETS DEGREES 

GETSMINUTES 

GETS SIGN 

FPSFORMAT 

RANGESFORMAT 

LATSLONGSFURMAT 

GETSTIMESZONE 

GETSLAT 

GETSLONG 

GETSCOURSESBRG 

GETSSPEED 

GETSRANGE 


29? 

?P5 

29a 

296 

30a 

30b 

307 

309 

310 
3 1 a 

315 

316 

317 

318 

320 

321 

322 
325 
327 
329 
331 
333 
335 
337 
339 


1 
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GETSDESIG 3«2 

3aa 

3Ut> 

GETS SCALE 398 

6.  PLASMA  $ MODULE 350 

SETStt  INOOto 353 

CLEARSSTRUCTURES 35« 

DRAW$FRIENOLY$SYMBOL 355 

DR  A/lSUNK$HOS$SYMBOL 357 

DRAw$OWN$SHIP$SYMBOL 358 

CHECKSPLASMA 3S9 

NORMALIZE 361 

PUTTOSS CENTER 363 

PUTSCONTAC  T3CENTER 369 

F iXEDiREORIENT  AT  ION 365 

367 

PLASMASOELETE 368 

PLASMASCONTACT 369 

371 

DRAWSEVERYTHING 373 

DISPLAYSPLASMASSCALE 375 

REORIENTSPS 376 

7.  CRT 380 

CRTSMASTERSCLEAR 382 

SETSLOWSHOME 383 

CLEARSLOwSSCREEN 38a 

SETSHIGHSHOMt 385 
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putsspace 


3Sh 


387 

388 

380 

START  SPROT-FIELD 390 

STARTSBLINK 39  1 

S T OP5PRO  T -FIELD 392 

INTERP 393 

INI  T$ HIGH 3 SCREEN 395 

PRINTST  397 

PRINT-TIME 398 

print-latslong 399 

PRINT  SCOUR 900 

PRINT  -SPEED 901 

PRINT  iCONT  ACTS 902 

PRINT  -MODE 903 

PRINTSCONTACTSINFO 909 

8.  FLTASCII 905 

ASCI  908 

FRACSTOSASCII * 911 

FLUAT-TO-ASCII 913 

9.  FLOATING-POINT 917 

929 

921 

ADJUST  1$(JP 922 

ADJUST2S0P 923 

val-result * * 424 
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y2S 

V AL  SWESUL  T $2 y2b 

COMPARE a27 

FLOAT  y29 

CHECK y31 

MUL 4432 

433 

a3U 

F WUL 435 

F 0 I a3b 

937 

y3P 

a39 

yy° 

FIXSD yyl 

F3QRT ua2 

FCMPR yy3 

FZTST aU5 

EXCH yy7 

COSSSIN ay8 

y53 

10.  TIME..... 957 

CLOCK a59 

IN1TI  yfal 

I N I T I A TE  yba 

yb5 

u.  PLASMASPRIMI  TIVES y&b 


15« 


SETSSTATUSSPLASMA 


abfl 


PLASMAS w HI  Tt 469 

CLEARSPLASVA a 7 0 

PLASMA Sw HI  TEivtClUH a71 

PLASMASPRINTSSTH  ING 472 

INITIALIZE'BPLASMA 473 

SETSVECTOR 474 

ST  ARTS  VECTOR. I SOL  ID 4 75 

STOP3VECTORTSOLID 47b 

STARTSVECTORSDASH 477 

STOPSVEC  TORSOASH 478 

GR4PHICSDESIG 479 

BASICS 481 

CRT?  WRITE 482 

CRTSPRINTSSTHING 483 

CRTSREAD 484 

CRTSTRYSREAD 485 

ECHO  SCR  T 486 

SENDSSUB 487 

SENOSCR 488 

SENDSLF 489 

SENDSCRLF ✓ . . 490 

SENOSBEL 491 

SENDSBS 492 

SENDSSPACE 493 

BYTESCHAR 494 


ADORESSSCHAR 


495 


BYTESTOSASC  II 

GETSBY  

get  ^address 

GET  5STRING 

PUT  SNUMBEH  ^BUFFER 


U9b 
49  7 
999 
BO  1 
503 


C.  LISTINGS: 


ISS 


i 


XTER  EXTER 


X 

UJ 

h 

X 

UJ 

UJ 

t- 

> 

CD 


UJ 


+4 

u 

UJ 

oi 

> 

cc 

0 

01 
DC 
3 

0 

1 

IA 

UJ 


01 
-I  Cl 


111 


DC 

2 

i 

_l 

UJ 

CC 

O 

•X 

•> 

H 

DC 

u 

2 

2 

X 

X 

X 

X 

UJ  UJ 

UJ 

x 

DC  Cl 

_J 

Cl 

X 

X 

X 

UJ 

I- 

O'! 

t— 

x 

UJ 

2 

X 

2 

2 

X 

X 

•“P 

J—  Ul 

2 

X 

X 

X 

X 

UJ 

UJ  o 

UJ 

2 

X 

X 

X 

X 

X 

J- 

UJ 

UJ 

UJ 

UJ 

K 

K 

1— 

X 

X 

> 

UJ 

01 

01 

h 

UJ 

h- 

01 

X 

c 

X 

X 

* 

CD 

1- 

01 

X 

r\ 

J- 

X 

01 

X 

X 

X 

2 

* 

> 

> 

UJ 

UJ 

DC 

> 

UJ 

X 

0 

X 

* 

A 

CD 

z. 

DC 

X 

CD 

X 

X 

X 

X 

X 

UJ 

z 

Cl 

01 

I 

a 

/A 

Cl 

h* 

J— 

h- 

H 

».✓ 

/A 

Z) 

Cl 

01 

U DC 

X 

Cl 

> 

V 

X 

DC 

CO 

Cl 

X 

UJ 

V 

X 

V 

X 

X 

X 

X 

X 

UJ 

V 

DC 

I 

DC 

DC 

Ll 

UJ 

o 

CL 

CD 

UJ 

CJ 

H 

UJ 

X 

X 

Cl 

X 

X 

X 

UJ 

Ll 

-I  UJ 

UJ 

C. 

DC 

01 

X' 

X 

X 

X 

X 

X 

\~ 

3 

CD 

U’l 

1- 

'X 

Xi 

UJ 

* 

X 

X 

Z) 

X 

o 

5 

CJ 

X 

CD 

oc 

* 

01 

UJ 

Cl  DC 

1- 

Ui 

X 

Cl 

X 

Cl 

Cl 

Cl 

UJ 

* 

1- 

>— « 

<4 

01 

t- 

UJ  X 

X 

X 

Cl 

X 

X 

1- 

X 

X 

X 

UJ 

UJ 

*n 

-J 

UJ 

■I 

g 

-j 

►H 

a 

X 

X 

g 

> 

a 

X 

CJ 

5 

CJ 

DC 

T^~ 

01 

HH 

•Z-m 

CD 

DC 

o 

CJ 

DC 

o 

CJ 

X 

o 

Cl 

X 

o 

a 

u 

o 

Cl 

01 

5 

CC 

►H 

UJ 

UJ 

CC 

DC 

UJ 

X 

X 

X 

X 

X 

2 

H 

5 

*4 

X 

r* 

<4 

X 

* 

-1 

I- 

DC 

h- 

X 

% 

X 

o 

i* 

X 

Cl 

<4 

X 

X 

*4 

X 

X 

o 

X 

UJ 

Cl 

X 

* 

CJ 

h- 

J— 

J— 

h- 

X 

C3 

* 

UJ 

IX 

X 

X 

X 

CJ 

X 

\ 

o 

Cj 

o 

u 

CJ 

X 

01 

157 


i 

* 

J 


^ ^ ^ 


_l 

_l 

_l 

x 

X 

'X 

•jr 

£ 

s 

X 

in 

UJ 

UJ 

H 

H 

1- 

X 

X 

X 

UJ 

UJ 

UI 

UJ 

UJ 

UJ 

CL 

CL 

X 

3 
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CALL  CHECK-fGO^KEV; 
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END; 


XECUTIVE^CMDS  UPDATE 


1 


t-S 

•*\ 

—V 

A 

lit 

S\  /% 

/N  /"%  .--V 

UJ 

H 

d.  d d 

'Cl  d N 

CM  d 

lVl 

-J 

44 

44  Z * 

4»  Z 4* 

44  Z 

<4 

1- 

G 

G d G 

G d G 

G d 

G 

H-4 

Oj 

CO  .*  _l  CO 

CO  _l  CO 

CO  _l 

CO  ■, 

E 

Z O 00  Z O 

zocazo 

Z O CD 

Z O 

•nr 

v i*i  'j  i* 

v & ^ & 

\.'  *n  'j 

CD 

G 

G CO  G G CO 

G CO  O O CO 

G Uj  G 

G Uj 

•n* 

2 

Z Ul  Z Z UJ 

Z Ul  Z Z 111 

S LU  Z 

Z UJ 

UJ 

►H 

H>HH> 

►H  > l-l  l-l  > 

H > H 

►H  > 

UJ 

CL 

CL 

CL  <4  CL  d 44 

££  Li;  & ** 

d 44  d 

d 44 

d 

H 

h- 

I—  d 1-  1—  d 

1-  d H H jL 

l-yi- 

l-  d 

•■>  CJ 

Uj 

CO 

ul  cj  uj  uo  a 

Uj  U CO  Uj  CJ 

co  a uj 

Uj  G 

H Uj 

44 

44 

¥t  LU  44  44  UJ 

•■>  44  UJ  44  44  Ul 

44  UJ  * 

UJ 

Z>  44 

H ll. 

Z -I 

Q'h  d: 

i x o 
II  Cl  * 
<4  Cl 
d H Z 
O d Ul 

o co 

U1 

— I _J  _J 
Cl  O >-  _l  _J 
Z III 
UJ  II  3 CJ  CJ 

d O 
O Cl 


H-  u. 
Z _J 

II  Lt 

d o 

Cl  <4 
44  Cl 
J-  Z 

tie  uj 
cj  co 


_J  _l  _J 


I 

o 


1-l-IlLl- 

cj 


Ct  CL 
Cl  Cl 
*4  44 


cc  d 

u o 


tie  ii 

a. 

44 

H-  © 

U;  CL  CL 

U O O 

> 
d 
CL 
CL 
d 


CL 

U 

<4 


X H H 


I-  I-  H Z H 


d 

O 


d d 

U CJ 


CL  CL 
ll  Cl 
44  i* 
H-  I- 

tie  cl 

CJ  CJ 

_i  _j 
_j  _j 
d d 

CJ  CJ 


CL 

Cl 


X lL 
CJ  _l 
CL 

ii  a 

in 
Cl  44 
M Z I- 
Ul  d 
CO  CJ 

> 

d _l  _J 
CL  _J  _J 
CL  d d 
d CJ  O 


I I- 
CJ  z 

HH 

CL 
CL 


O 

_J 

44 

CL 

d 


_J  -J 


hllLfl. 
20  JZ 
CL  lh 
II  CJ  <4 
44  d 
^ O CJ 
in  z uj  uj 
uj  x -I 
woo 

> 
d 
CL 
CL 
d 


_l 

d 

CJ 


-I 

d 

a 


ii 


© 


-I  Cl  II  II 

d z 

o uj  cl  h 


UJ 


Hi 


230 


i 


0 TO  LAST  < MRRRV > i 


/I 

* 

X 

UJ 

Cl 

Cl  111 

UJ 

Z H 

X 

1 — 1 

1— 1 

+ 

10 

o 

UJ 

X X 

X 

Cl 

Z X 

UJ 

u: 

f-<  Cl 

3 

10  UJ 

z 

2 

*-<  H 

1—  Hi 

H- 4 

21 

o * 

* 

1- 

x in 

in 

3 O 

I- 

H I 

X X 

z 

X 

O II 

II  X 

»-4  /*\ 

o 

© 

X 

X 

X 

O UJ 

II  X 

UJ  II 

z a 

F 

1- 

X z 

Z <J 

* Hi 

x I-I 

HH  CL 

H 

X 

H-  O 

O -J 

o 

Z X 

X X 

n 

X 

Hi 

X *-< 

X ** 


* * 

►“  A 

(J  H U-)  vi 
X H 
I-  + * + ., 
Z X H 
O X X X 
U X Cl  Z + 
Cl  Z UJ 
A Zh(-I- 
V h 2 

v II  II  3 


O -A 

/• » 

/N 

HI 

X 

z 

II 

X X o 

X 

X X 

X X 

X 

1— 

UJ 

z z 

z 

2 

-A 

. X 

X X 

LU 

o 

Z 'A 

h- 

X 

X X II 

X 

X 

1-  M 

•A.  Cl 

Cl  3 

o 

Ll. 

O rl 

z 

1-  H 

H 

3 

CJ 

X z 

a 

x X 

J- 

►“ 

X > 

X Hi 

(-1  Hi 

»— < 

H 

II 

-J 

H- 

Z X z 

z 

X 

H-  X 

Q 

'J  'J 

* 

II 

r-i 

X U1  3 

X 

X 

Z X 

z o 

o o 

o 

h- 

h-  I X 

X X o 

X 

O X 

Hi  X 

X X 

Ll 

o 

X z 

>-1 

J-  X o 

h- 

2 

O X 

v 2 

a: 

Z 3 

X 

o « 

Hi  Hi 

H O X O O 

/s 

X 

II  X 

X » 

* ** 

** 

ZOhiJ 

Cl 

Hi 

t- 

o 

Z 1— 

1-  1- 

(- 

o 

o 

Hi  O 

o a 

u 

o 

2 

> 

© 

X 

•*  X 

•i  X X 

X 

LU 

X 

Z AJ 

1-  1-  O t-  1- 

••>1—0X1 

f-  x o 

W CX  Cl 
X X 
JIZ 
UJ 

, X X 

->  Hi  H 


UZCiZZCiZO 

X o o o z o 

hOZOUIlluZ 
Z UJ  UJ 

OH.I  XI 

O M t-  i-i  H 


COUNT  = CONT ftCT S I NF 0 < I NDEX > . POINTER  - 
CONTACT* 1 NFO < I NDEX  > GSfPO  I NTER; 

END; 


IVE^CMDS  UFDRTE 


I 


H4 

H 

* 

Ci 

+ 

-J 

o 

O 

Ci 

21 

hH 

H-l 

V/ 

-a. 

*t 

Ci 

K 

—tr 

u 

HH 

CC 

H 

a 

—r 

h- 

LC 

a 

O 

O 

LU 

**» 

u 

cc 

HH 

H 

V 

z 

-W 

U1 

O 

V' 

.. 

•*% 

1— 

1— 

o 

►H 

UJ 

Ci 

ui 

JO 

LO 

(3 

Cl 

2 

o 

V 

2 

O 

~w 

"w 

1— » 

O’i 

UJ 

Cl 

CL 

1- 

'jL 

II 

J— 

>* 

II 

L0 

H 

1— 

Cl 

> 

i—, 

UJ 

x 

2 

U'l 

■r 

o 

UJ 

—t 

Cl 

h* 

i— i 

Cl 

2 

II 

Z 

IO 

w 

*■*» 

o 

o 

.•-V. 

1— 1 

X 

u 

CL 

M 

UJ 

V 

X 

Cl 

* 

# 

CL 

o 

UJ 

Cl 

t— 

a: 

UJ 

> 

Ll 

Cl 

J 

o 

ui 

-J 

1- 

? 

z 

o 

r< 

a: 

i- 

h- 

H 

t-l 

V 

H 

z ■*. 

i-t 

r* 

* 

V 

Cl 

Cl 

(3 

M I Z 10 

h- 

X 

1— 

O 

z 

“^r 

CL 

o 

o 

UJ 

O 

u. 

M 

CD 

a 

Cl  II  II  II 

\s 

C) 

cc 

z 

*0 

O 

2 

h 

L-t 

% 

¥r 

UJ 

V 

rs  r \ r-.  r-. 

2 

H-4 

z 

* 

1— 

1- 

IO 

Ul 

x a h n 

i — t 

V 

o 

h- 

o 

O 

CL 

a 

m 'j  'j  'j 

CL 

o 

o 

o 

a: 

I 

D 

z 

Ci  uj  u y 

r-. 

1— 

Ll 

oc 

K 

1- 

O 

CE 

z z z z 

J H 

LO 

r* 

II 

H 

jj 

2 

a 

CL 

>-H  >— • *— • t— » 

CC 

** 

>-< 

-* 

O 

a 

* 

'*'1—1—1— 

CL 

1-  U. 

Vt 

Cl 

o 

o 

o 

K 

H 

o . . . 

CL 

Z _J 

l- 

2 

u 

UJ 

UJ 

U.  /\  r\  /-* 

CC 

i-i  CL 

o 

t — * 

z 

z 

CD 

a 

z ->  •->  -> 

'j 

CL  o 

CC 

UJ 

UJ 

»-« 

1— 

LL  »* 

V- 

% 

Cl 

H 

F 

_J 

_j 

% H l-CW 

10 

**  a 

t-H 

2» 

Cl 

21 

10 

w 

_l 

_i 

h oi  gi  io 

a:  ^ 

1—  z 

o 

-1 

HH 

> 

> 

<r 

a: 

o o o o 

CL  UJ  LU 

o 

o 

10 

10 

•A 

u 

u 

CC  Cl  Cl  Cl 

V 

O 10 

IO  r 

Ci 

Cl 

a 

h-  <*  <*  ** 

O > 

(C  O 

2 

o 

2 

o 

o 

Zt-Ht-  t-CCOJJOCl  U1  Cl 


HI  Cl  ill  Cl 


Cl  .* 
Z O 
UJ  Cl 


a 

LU 


CALL  GET  ^COURSE  fE'RG<  0^  . CONTflCTfPOSI  < JX  CRSX 
CGNTRCTSINFCK INDEX).  CRS*FLflG  = 1; 


233 


XECUTIVE$CMDS  UPDRTE 


A 

.•A 

ii 

ii 

V 

01 

Cj 

a 

LL 

Cl 

4>“*. 

o 

01 

CL 

> 

A 

X 

.A 

o 

o 

•-> 

*-> 

u. 

U. 

V 

V 

Z 

M 

H 

l-l 

►H 

oi 

U'l 

* 

o 

O 

H 

1— 

Cl 

LL 

01 

Uj 

4* 

* 

CC 

a: 

1- 

h- 

_J 

_i 

(J 

CJ 

V 

V 

CC 

CC 

►h 

1— 1 

K 

h- 

0*i 

01 

jg 

A— 

o 

O 

O 

O 

S\ 

0. 

a. 

O 

a 

/“i 

* 

*t 

> 

1- 

1— 

CC 

u 

a 

_l 

■r 

i 

(3 

Cl 

i- 

H 

§ 

01 

S-m 

2 

CO 

X 

>-« 

o 

O 

Cj 

o 

a 

.A 

A 

4* 

*1 

h- 

II 

ii 

V 

u 

4—4 

►H 

CC 

A 

A 

01 

01 

K 

X 

ii 

o 

o 

V 

V 

a. 

a. 

8 

01 

O 

* 

* -A 

o 

LL 

a. 

y- 

1-  X 

v 

o 

ui 

u 

O UJ 

H- 

X 

, 

, 

CC 

a:  a 

01 

UJ 

S\ 

A 

\ 

H- 

1—  z 

CC 

o 

•-> 

*1 

* x 

2 

z *-• 

_l 

V 

V 

* 

X 

o 

O V 

t-H 

►H 

4-4 

UJ 

* 

o 

U h- 

II 

01 

01 

01  z 

X 

. o 

V 

II 

n o 

M O 

ac  uj 

* o 

V 

CC 

Cl 

0. 

LL 

CJ  I 

CJ 

> 

H 

z 

►H 

A 

o ** 

0 * 

H 

UJ  /A 

X 

(-1 

V 

►H 

h-  K 

1-  h- 

Cj 

oi  CJ  m 

* 

o 

ii 

u 

U 

Z U. 

JZv 

_J 

o 

* 

Q 

> 

0 (E 

o a; 

UJ  *-t 

UJ  UJ  > 

UJ 

♦n 

> 

— w 

a: 

h- 

H 

<E 

cl 

CE 

ac 

$ 

_i 

II  Z 

a 

II  Z 

Cj 

* * 

* * Cl' 

<* 

s 

_j 

Cl 

0 

2 1 

O 

X X X X Cti 

> 

01 

Cl 

A 

01 

X O 

LU 

you 

a: 

a: 

01 

o 

»-t 

/ 

o 

_i 

M 

Ci 

O 

o 

0£ 

u 

Cl 

Cl 

II 

ci 

•«. 

a 

^ 

o 

H 

o 

CJ  Cj  Cj 

-1 

_J  A 

_l 

X 

U 

H 

z o 

2 Z Z 

/A 

-J 

JOHJ 

o 

■E 

UJ  Cl 

U UJ  UJ 

r.j  o cc 

CC  Z CC 

V 

K 0 

II 

a ^ 

Cl  o 

O UJ 

o o 

Z 0 

z > 

> 

UJ 

0 

ii 

UJ-.CC 

2 

oc 

2 

II 

-I 

a z 

0 

Cj  LL'  UJ 

LL  UJ 

»— i 

UJ 

Z CL.  X 

aiyi 

U.  I 

UJ  lE  H 

CC  1- 

o z 

>-•  h- 

u. 

u. 

% 

o 

►H 

►H 

Cl 

llJ 


234 


i . 


CFlLL  D I SPLfiVSCONTflCT  < I , I NDEX > ; 
END; 


Ill 

h 

0 

<E 

h 

2 

0 

0 

« 

L 

(E 

7 

10 


01 

L) 

z 

0 

# 

III 

> 

H 

h 

D 

0 

111 

X 

111 


\ 

* * 

* * 

$ if 

* * 

if  if 


* 

4 

/A 

* 

4 

A 

* 

4 

4 

4 

<4 

4 

X 

4 

44 

I 

1- 

4 

* 

V- 4 

4 

> 

£ 

X 

4 

X 

4 

3 

Hi- 

O 

4 

X 

'S 

LU 

4 

CO 

§ 

> 

4 

HH 

4 

X 

* 

Cl 

4 

_l 

4 

4 

Cl 

4 

X 

4 

Cm 

JH 

4 

0 

4 

HH 

X 

4 

4 

Cl 

_J 

+ 

H- 

* 

X 

* 

3 

* 

0 X 

4 

O 

£ 

2 

HH 

4 

* 

HH 

O 

4 

X 

* 

LU 

4 

X 

4 

CO  UJ 

4 

* 

I 

4 

0 

H 1- 

4 

1- 

■£ 

( \ 

* 

4 

a: 

1- 

4 

H 

4 

t—  X 

4 

O 

* 

2 

4 

X 

4 

O V- 

4 

% 

H 

4 

CJ 

O 

4 

10 

Z 

4 

z 

4 

CO 

•4 

0 

i 

u 

4 

UJ 

X 

•H 

O 

* 

Z 

H 

4 

X 

t- 

A 

* 

o 

3 

4 

Cl 

> 

til 

X 

* 

00 

4 

Cl 

CO 

** 

X 

* 

CL 

4 

X 

X 

H 

* 

X 

z 

4 

/N 

3 

Z 

* 

X 

UJ 

4 

A 

H 

X 

* 

X 

H 

4 

O t- 

1-1 

\ 

* 

CO 

4 

H 

3 

H 

\s 

§ 

O 

> 

4 

_l  O 

H 

* 

H 

CO 

4 

44 

V 

V 

* 

4 

3 H 

% 

0 

0 

* 

O 

UJ 

4 

X U 

X 

z 

z 

* 

UJ 

X 

4 

X 

UJ 

HH 

HH 

4 

X 

H 

4 

UJ  H 

Cl  X 

X 

X 

4 

3 

4 

X 

2 

% 

2 

X I 

H 

H 

4 

z 

4 

3 O UJ 

HH 

X 

X 

CO 

10 

* 

10 

1—4 

4 

out- 

O 

X 44 

44 

4 

1-4 

4 

UJ 

V 

0 

KXh 

4 

x 

4 

0 

•c 

CO 

H 

II 

z 

3 Z 

4 

UJ 

HH/ 

4 

0 

2 

a. 

II 

HH  HH 

4 

X 

4 

X 

H 

s\ 

z 

<-> 

X U X 

4 

••  3 

I 

4 

X 

44  * 

UJ 

X X 

44  X 

4 

10  Cl 

U 

4 

h-  v 

h- 

z 44 

0 <4 

4 

(—  UJ 

1—4 

4 

(J 

H X H 

Z 1— 

4 

o u 

3 

4 

CO  X 0 

LL 

f—  X 

X X 

4 

X o 

• 

H 1- 

aim 

X 

S 

u 

CO  CJ 

4 

1-  x 

X 

4 

O 

IS 

HH 

X X 

4 

Z X 

UJ 

4 

X O X 

LU 

1- 

-J 

3 

3 3 

4 

o 

X 

4 

(-UI- 

H 

HH 

3 

3 3 

4 

u x 

1- 

4 

~7 

V CO 

\y 

I X 

X X 

4 

44  1- 1 

0 

4 

0 

X 

ZI 

CJ 

O CJ 

4 

X X 

•^a 

4 

CJ  3 

E 

4 

X h- 

X 

4 

* CJ 

X 0 

4 

3 

4 

X Cl 

H 3 

4 

CO 

4 

X 

4 

4 

3 

4 4 4 

4 4 

4 

X 

•«L 

r\ 

r % 

\ 

<* 

Z 

UJ 

h* 

m 

~H 

m 

•nr 

HH 

H 

O 

*• 

■H 

K 

> 

O 

X 

X 

< r 

3 

z 

H 

X 

X 

2 

X 

I'- 

0 

HH 

a\  CJ 

O 

ll 

H x 

44 

3 ^ 

H 

/A 

0 

U 

HH 

X 

V 

H 0 Z 

H 

> 

O Z X 

z 

X 

X hh  x 

O 

3 

0 H X i X 

u 

X 

HH  Z H > O 

V 

X 

CO  O CO  X CO 

H 

HH 

XU  44  1 3 44 

X 

O 

Cl  v 1-  X 44  3 

X 

44 

* 0 Z 3 0 O 

3 

H HH 

1—  HH  HH  0 _J 

u 

XX  X U 44  44 

0 

X II 

-v  0 X X 44  '3  X 

H 

1-  0 

X 0 1 44  O O X 

Z O *1 

3 II  4 X HZXX 

0 

O 

X 3 X X X X 3 

0 

U Z 

U H U 0 ucnoo 

II 

X 

44  3 X 

X X 

O 0 X II  3 3 3 3-, 

HH 

HH  |- 

Z 44  U -,33330 

XH  X0XIXXZ 

0 0 

XU  II  ZOUUOUXOO 

X X 

3 H X H Z 

X 

3 Z Z X 

X 

X 0 X X I 

3 

U U H hh  (- 

X 

u. 

(E 

7 

10 


/•» 


X 

01 


I- 

X 


U 

«X 


O 

U 

\ 


10 

Cl 

z 

(J 

IU 

> 

H 

h 

D 

U 

UJ 

X 

UJ 


A 

/A 

\ 

¥» 

14 


LL 

01 


lli 

X 


UJ 

LU 

O 

I- 


u 

X 

J— 

z 

o 


14 

14 


UJ 

J— 

01 

> 

01 


u 

X 


J- 

X H 
_l  X 
X X 
01  X 


(3 

z 

/A 

z 

o 

14 

II 

z 

X 

in  x 

►1 

s 

1— 

4-4 

X 

14  X 

14 

'-4 

o 

A 

X 

X 

X H 

1- 

X 

1—4 

> 

o 

X z 

o 

1- 

\s 

X X 

X 

H X 

X 

0 z 

z 

> 

*4  .4  Y 

14 

►H  \ 

H 

Z X 

o 

X 

1-  X <4 

3 

2 

1-4  X 

(J 

X 

Z X o 

o 

•*\ 

o 

X 4 X 

V 

X 

HH  O 

X 

'J  'J 

(3 

o 

1-  > o 

01 

I 

X O * 

14 

a xi 

(-4 

V 

01  X 01 

1— 

4-4 

X 

X 14  'X 

X 

«y 

01 

14  Y * 

01 

Cl 

X 

<4  Cl  o 

X 

HH  HH 

X 

(3 

h X 4 3 

X 

*4 

© 

H Z X 

X 

XX  X 

Cl 

4-4 

z x a o 

X 

H 

XXX 

X 

XI-  1— 

01 

HXi3X 

o 

II 

a 

I 

II 

O 01  O 

(J 

X 01  01 

1— 

X 

X O 14  14 

o 

X 

X 

© 14  14 

X 

Cl  I 

X 14  Y X 

K 

h-  O 

X 

X 

X 

XXX 

X •, 

hXI- 

X <3 

14  X 

14  O U X 

Z d 

o 

X 

XXX 

x o 

II  Z X z 

X 

Y X 

J-  Z X X 

© 

o 

O X 

XXX 

X z 

t— • CkL  ►— • 

X 

II 

O © 

XXIX. 

L)  Z 

a 

If  O h 

o o o 

O X 

H X O X 

o 

X 

a oi  o o 

II 

X 

Z 

X X *4  X 

14 

z 

I II 

X X 

UJ 

-> 

•w 

Z 14  a 14  a 

►H 

o 

X X X X -v 

1-4 

*-•  1- 

X 

Cl 

X 1-  Z H 

z 

H 

x x x x a 

X X 

z 

1-  X X X 

X 1- 

II  xoxxxxz 

o 

o 

K 

X 

U 01  u 

oi  a 

z 

Cl  O O u ux  o 

Cl 

X 

X 

H UJ 

4^ 

X X X X X 1- 

a.  h 

z 

X 

Q 

»-*  X X X 

X 

z 

z 

UJ 

01 

2 

I 'X  X X X o 

XXX 

X 

X 3 (J  O U 

(J 

o 

H *-• 

1- 

X 

o 

o 


236 


KECUT I VE^CMDS  SWflP^CONTflCTS 


** 


UJ 

> 

vT 

_1 

iX 

01 

(-1 

Ci 

> 

Ct 

cc 

Ui 

CL 


H 

a 


X 

H 

»>j 

•p 

O 

+ 

o 

\ 

<r 

-> 

a z 

a. 

Z UJ 

ui 

m LU 

»— * 

u£  lC 

a 

J-  > o 

*4 

UI  UJ  01 

i- 

* 1C  *4 

u 

a: 

■H 

■,2  JOO 

k 

a. 

I w ct  O J 

2 

z 

U.  CL  O **  ¥t 

o 

UJ 

U.  Cl  *n  1C  CL 

o 

H 

SM*  Q O I 

V 

H Z UJ  UJ 

J— 

* 

il  CL  UI  X _J 

(fl 

•-> 

O 01  O O 

cc 

vl 

_l 

2 

Cl 1 _l  _J  _J 

J-  UI 

Z _l  -I  _I  _l 

II  Q 

a uj 

uj  cc  a:  a:  cc 

mi 

a:  cl  - 

j—  u o o a 

►*  UJ 

j-  a ui 

Z 01  H- 

/ 

0*0 

o 

U3I 

2 

t»Oh 

UJ 

> J z 

a 

i#o 

z 

_J  cc  u 

UJ 

lilt 

01  UI  Cl 

« _J  CC 

a 

2 

UJ 


o u 3 
ui 

_j  _J 
J J o 
0CI2 
U O UJ 


Ui 


237 





i 


J 


w 

kZj  O 

a 

LU  LU 

1-  H 

> 

X X 

a a 

0 0 

, 

_j  _j 

<c» 

LU 

in  in 

H 

M l-l 

in 

> 

X > 

in 

LU 

►H  HH 

X 

H 

LU  LU 

X X 

X 3 

2 

*3*  “W 
*.  Mm 

HH  O 

H-l 

X X 

X w 

X X 

UI  H 

U*i 

0 0 

X 

UJ 

3 X 

3 

UJ  LU 

3 O 

_l 

X X 

O X 

X 

1-  1- 

UJ 

> 

X I 

X 

O I- 

> 

0 0 

3 

•k 

l-l  l-l 

3 O 

X 

X X 

O X 

3 3 

i-i  1- 

-J  in 
01  1-i  3 

Z1U 

x h > 

X 

H 


> 

111  lli  01  LU  \ 
hl-UJOX 
> > 3 3 
00  CO  _J  (E  _J 
X X _1 
x X > o x 
3 3 


LU  Oh  3 

t—  vM  O 

> 

00  II  II 

~ in  ui 

OKh 

x x x 

_i  * * 

Ll  3 3 

, , 3 3 

LU  LU  .33 
H-  H X 
> > £ 2 LU 

CO  CO  X X 01 

I-  X _l 

r*  r*  I—  LU 


r\  v v» 

Q LL  LL 
►H  l-l 

II  I I 


* 

UJ 

OOOhlU 

* 

' T 

tH  in  ui 

* 

UI 

x x 3 0 a 

* 

ss  v 

in  (o 

on* 

* 

3 

1-3  3 

* 

X 

h • X 

II  X 3 3 

* 

XX  X 

* 

V , X OQ  X -J 

01 

_J  3 3 

* 

in 

X 0 X 

* 

in 

ll. 

I- 

X X 0 0 

* 

1-1 

0 O > O 0 

* 

UJULDC 

z 

X 

3 . 

* 

1 - H X 

* 

X X X UJ  3 O 

5 

UI  s/ 

* 

LU  / 

x ••  .. 

* 

3 x m in 

3 X 

3 

1-0  0 0'-, 

* 

X 

XX  O H 

* 0 3 X X 

3 

v 3 O O H 

rt 

* 

3 

UJ  X 3 

* 

x 0 X X 

•s 

2 

V X X X 

H 

* 

0 . 

H H X 1 1 

* 

0 X 

X *n 

X X II 

* 

lu  in 

3 3 0 

* 

0 XX 

X 

0 0 

X 

O 

* 

O UJ 

• • 1-1  1-1 

* 

X <"1  1-  H 

-1  i-i 

H 

_J  JJO  , 

1- 

* 

••0  3 

in  0 0 1 

* 

X CO  _J  _J 

->  X 

II 

1-1  _l  J X 0 

* 

UJ  X _l 

XXX  . 

* 

X X 

01 

O 

X IX  J3 

O 

* 

H X X 

UJ  X 

* 

••  1 0 0 

, ** 

O 

3 O O X X 

* 

X > 

i—  1 1 3 

* 

X X # V* 

>->  3 

II 

X 

O II 

LU  . . Ui 

Etfflh 
X 

XIII 

X 

X 


•\  ************ 


* I-  X 

* X 

* -J  -J 

* in  o 

* 3 O 

* X 

* X 


> v X 
o 


in 

H 

A 

r\ 

/A 

O 

X 

> 

g 

z 

X 

X 

X 

X 

'S 

\s 

X 

t— 4 

1— 1 

t- 

01 

01 

o 

o 

M 

X 

X 

o 

** 

** 

X 

1— 

I— 

o 

a 

A 

X 

X 

HH 

1— 

i- 

O 

o 

o 

X 

a 

o 

7» 

4-4 

** 

•, 

t— 

X 

X 

H 

o 

h 

H“ 

X 

X 

X 

II 

1- 

X 

X 

■J* 

o 

o 

01 

o 

** 

** 

H 

u 

X 

> 

X 

2 

II 

5 

01 

X 

> 

1- 

X 

/■* 

2 

2 

X 

X 

UJ 

£ 

"b/ 

X 

D 

►H 

1—4 

1- 

z 

01 

01 

o 

o 

o 

o 

X 

X 

X 

A 

X 

01 

* 

V 

-1 

X 

h* 

1- 

X 

X •> 

O 

u 

0 

oi 

X 

X 

►H 

r\ 

H 

H 

1— 

01 

t-4 

X 

2 

JSJ 

LU 

'■/ 

2 

o 

o 

O 

O 

z 

*->  u 

u 

. 

X 

Z) 

2 

2 

+ 'j 

►H 

i-t 

& 

o 

* 

o in  q 

o 

O 

1- 

l~  rl  X 

X 

X 

U 

* X 

X 

z 

X 

© i-i 

►— 1 

H 

X 

X 

* 

Z 

''  II 

II  X 

X 

1— 

o 

X 

X 

u 

a 

J 

P 

c 

u 

x 

1-  o 

X 

o 

z a 

►H 

© 

X 


UJ 

K 

X 

X 

01 


UJ 

X 


C>  X 
Z X 
LU  I- 


LU 


XECUT I VE^CMDS  OWN^SH I P$UPDRTE 


* 

X 

if 

* 

H 

if 

* 

X 

if 

if 

* 

in 

if 

if 

* 

■£ 

3 

if 

if 

* 

O 

* 

* 

if 

Ui 

* 

* 

X 

* 

* 

1- 

* 

* 

if 

if- 

1- 

if 

* 

3 

if 

if- 

o 

if 

* 

X 

if 

if- 

X 

if 

* 

if 

if 

2 

if 

if 

o 

* 

UJ 

if 

1- 

1- 

* 

> 

if 

X 

if 

X 

if 

zz 

if 

if 

X 

if 

if 

o 

if 

01 

if 

X 

if 

if 

if 

z 

if 

if 

if 

Ui 

if 

* 

if 

X 

if 

X X 

if 

1- 

if 

if 

if 

if 

A 

if 

Ui 

if 

X 3 

\ 

^ **v  •«* 

if 

1- 

if 

2 -I 

if 

* r\  /-V  r\ 

if 

X 

if 

UJ  X 

X -rl  ^ 'XX 

if 

o 

if 

o h a 

2 

X % * 2 * 

if 

X 

if 

O 

i-  a a x x 

if 

3 

if 

_J  ^ X 

•->  N. 

1-i  01  01  X 01 

if 

if 

x ^ a 

H if 

J—  Z ZZ  CD  ZZ 

if 

o 

if 

3 

►H 

.0.0 

if 

f- 

if 

X * X 

01  X 

>.✓  v v Z v v 2 

if 

if 

•■>  2 

O X 

O CJ  O * O O * 

if 

a 

if 

UJ  M« 

X 3 

2 2 2 01  2 2 01 

if 

Ui 

* 

X * 1- 

X 

M M H X W H X 

* 

ui 

if 

D ^ UI  n ^ ^ 

X X 

X X X > X X > 

if 

3 

if 

o uj  i-  x x x 

> 

f-  1-  f-  * 1-  f-  * 

if 

if 

X 1—  > H-  H * > 

I .* 

X X X 'X  X 01  X 

* 

in 

if 

O * > ill  > > ^ X 

XXX 

J*  •*  * .***0**0 

if 

HH 

if 

a x x x x o x 

HH 

1—  XI—  XI—  Xf-I—  X 

if 

if 

XI-  ~ 

2 I I 

*2X2X21222 

if 

• • X 

• if 

X > ^ ^ * if 

3 X X 

QmC^>-iX>-'0'-,>-|0 

if 

Ui  X 

if 

X rt  V Tt  *t  O \ 

O * 

X O X O X XX 

if 

H 3 

if 

• ■ 'j  \s  v X 

2 2 

II  X * X * X II  X X II 

if 

X O 

if 

X rx  X 2 

•*  * X 3 3 

*0*0*  * * 

if 

O Ui 

* 

H H 2 X X h 

01  X f-  O O 

Xf-21—  2 h ^ 1-  1— 

* 

X o 

*f 

X v X O I—  K-  * 

XClIf 

OXXXXXOXXH 

if 

3 O 

if 

0>XXXXHXI-20Xf- 

OUlUOlOvOOv 

if 

* X 

if 

X<E**XXXX30X>X 

X > > 

if 

X X 

if 

3X000023 

2 U 3 O O ■* 

XXXXXXiTXXX 

*XXX**XOi-*X 
(LC[OOX>vIEU1< 
*-•  \ 
X -I  II  II  II 

x o 

* a iew 

2 
3 
O 


2 O 

if  I 
X \ II  3 


_l  X _l  X X _l 

<r  x a:  cc  x x 
o x o o x o 


EXECUT  I VE^CMDS  OWr-4-^SH  I F ^UPDRTE 


•n 

o 

X 

* 

A 

A 

X 

X 

<\l 

X 

fi 

F- 

Hi 

* 

z 

* 

* 

2 

I 

a 

X 

C3 

•n 

hi 

UI 

© 

•n 

•n 

LO 

_J 

UI 

H 

O 

** 

w 

© 

X 

Z 

03 

2 ••> 

X 

2 

X 

o 

. O 

II 

2 

II 

it 

X 

■*c 

■J 

2 

V 

2 

•N 

d 

O 

© 

X 

C3 

* 

a 

(3  *► 

2 

X 

X 

X 

X 

X 

z 

W 

2 

2 UI 

X 

r\ 

z 

2j 

2 

II 

X 

X 

1! 

H 

I 

X 

10 

AS 

HI 

X 

►i 

hi  UJ 

X 

> 

X 

X 

i-t 

y- 

1- 

2 

H 

X 

> 

X 

X > 

X 

X 

F- 

D 

* 

X 

2 

2 

© 

HI 

II 

II 

II 

V 

►— 

* 

F“ 

F-  *4 

CJ 

X 

1— 

X 

X 

HI 

hi 

X 

o 

> 

ui 

X 

10 

UI  X 

F- 

UI 

X 

2 

X 

t-i 

F- 

o 

O 

X 

X 

/*\ 

AV 

X 

* 

(J 

* 

* o 

•A 

3 

<* 

X 

X 

X 

X 

2 

X 

X 

X 

© 

H 

CM 

X 

M 

h- 

Ui 

F- 

F-  UI 

X 

X 

X 

V 

I 

UI 

H 

d 

V 

V 

'J 

X 

z 

X 

2 

2 X 

_l 

2 

o 

H 

H 

2 

o 

d 

d 

d 

X 

X 

UJ 

X 

X 

o 

HI 

o 

HI 

mO 

X 

( — < 

X 

X 

X 

2 

X 

X 

X 

X 

2 

z 

ZZ 

z 

* 

F- 

X 

X 

X 

o 

i* 

w 

X 

l«l 

X 

2 

— * 

2 

Hi 

HI 

FH 

HI 

X 

Cl 

II 

X 

X II 

* 

X 

X 

X 

hi 

F~ 

o 

d 

Hi 

hi 

1* 

H 

H 

F- 

o 

© 

* 

* 

* 

a 

u 

X 

v 

X 

»* 

* 

** 

X 

H 

/"\ 

F* 

Ir-  s' 

2 

X 

X 

o 

> 

© 

II 

2 

X 

X 

X 

Hi 

/a 

X 

X 

A 

II 

X 

CM 

X 

X M 

X 

X 

X 

1- 

X 

hi 

i— i 

HI 

i-i 

I 

»-> 

*■> 

© 

O 

V 

o 

(J 

UI 

o 

0 

X 

II 

o 

** 

I 

I 

I 

UI 

V 

V 

V 

HI 

> 

> 

© o 

X 

X 

X 

UI 

Ui 

UI 

¥r 

X 

0. 

X 

> 

_l 

X 

-1 

_J  X 

-J 

II 

X 

X 

X 

2 

Hi 

* 

o * 

* 

2 

HI 

FH 

HI 

X 

o o 

-I 

Ui 

-1  X 

-1 

X 

Cl 

II 

II 

O 

z 

HI 

I 

O i 

3 

Cl 

2 

X 

X 

I 

X 

a o 

x 

CL 

X 

X X 

X 

X 

X 

“?r 

X 2 

X 

* 

UI 

T 

z 

3 

2 

O 

UI 

CO 

UI 

X 

o 

I 

o 

CJ  X 

CJ 

o 

(J 

X 

X - 

X 

F- 

F- 

*t 

o 

2 O 

o 

X 

*n 

* 

w 

X 

«• 

z 

X 

2 

X 

II 

2 

z 

2 

X 

X o 

X 

X 

2 

X 

X 

2 

z 

JK 

X 

X 

F-  O 

HI 

X 

O 

Hi 

1- 

-> 

O 

o 

o 

HI 

1- 

OLDSLFlT  < I > = OWNSSH I P*  I NFO.  LflT  < I > ,i 
OLDtLONG  < I > = OWN*SH  I P*  I NFO.  LONG  < I >; 


Ill 

h 

I 

a 

t 

D 

# 

Ol 

H 

I 

ID 

tt 


0 


Ul 

0 

E 

0 

# 

UJ 

> 

H 

h 

D 

0 

UJ 

X 

111 


•4 

/A 

/\ 

■H 

H 

M 

•V 

r.J 

(3 

■3 

/A 

*y 

*~y 

"X 

>-« 

X 

X 

> 

H 

H 

in 

Ul 

/A 

A 

44 

44 

O 

in 

m 

Ci 

X 

X 

X 

X 

z 

U> 

u 

Ul 

1— 1 

* 

/a 

H 

»-> 

% 

Ul 

2 

V 

m 

Cl 

X 

/A 

X 

X 

/"K 

X 

_l 

H 

o 

i— * 

o 

Ci 

in 

X 

_J 

X 

X 

X 

_J 

Ul 

A 

in 

/A 

>-* 

d 

<4 

X 

d 

V 

A 

Ul 

/% 

x 

■ik 

X 

*1 

X 

44 

't 

z 

H 

o 

HH 

V 

►H 

z 

44 

l-t 

44 

X 

X 

X 

2 

X 

*4 

X 

in 

i-t 

X 

o 

-I 

Cl 

t-t 

% 

44 

X 

<4 

H 

i — t 

I 

© 

in 

2 

ii 

fH 

X 

in 

'J 

5 

44 

3 

X 

H 

Ul 

* 

a 

o 

Z 

O 

* /a 

( 

44 

X 

X 

X 

V 

y 

2 

CD 

v 

o 

V 

\ Z A/ 

(3 

2 

o 

<4 

H 

H 

* X > 

2 

o 

UJ 

X 

V 

X 

X 

t-i 

V 

Ul 

z 

o 

z 

X H /A 

X 

V 

(3 

X 

X 

X 

X 

in  m h 

/a  H 

H 

z 

3 

o 

X 

o 

XX 

> in 

X 

o 

o 

X 

X 

X 

o « ox 

x <4 

_J 

_J 

o 

<4 

X 

44 

H »-i 

X h x 

* 

<4 

44 

X 

<4 

X 

* * I 

X Z _J 

H 

H 

H 

X 

H 

X 

w ©in 

x m a: 

UJ 

UJ 

X 

X 

44 

v a:  u 

a 

13 

(3 

II 

13 

II 

ii  z a 

H 0.  44 

2 Z 

in  44  a w 

_j 

_l 

_l 

X 

X 

X 

W X O X 

x ~ -HZ 

_j 

_J 

_l 

z 

_l 

z 

_l  i-"  & UJ  Ul 

X •, 

X 

X 

UJ 

X 

X 

X o 

v o in  in 

U Ci 

O d •, 

a 

HO-, 

o 

H 

a Ci  m a 

a 

o > x a 

z o 

z o 

Z O 

Z Z , X o 

z o 

HIO  J JUQ 

UJ  a 

UJ  a 

UJ  O 

xx  o o a 

X Ci 

oz  a _j  _i 

Cl  o 

Ci  © X ICO 

z o 

Z X Z O U 0 

x x a 

UJ  II  UJ 

Ul 

X X 

H H f> 

X 

X 

o 

a 


242 


EXECUT  I VE^CMDS  OWN^SH  X F'^UPDRTE 


X 

II 

.'X 

.*x 

© 4ft 

X 

X 

*-h  LI 

/■X 

V 

'J 

x 

01  O 

X 

01 

Cl 

* 

Li  . 

X 

CL 

x x 

Cl  ^ 

X 

O 

01 

* * o 

. X 

( 

Cl 

/x  'j 

•«  ^ 

X 

X 

Ui  Li 

X O 

M *-> 

M *"> 

M F 

01  01  Cl 

v Li. 

V 

V 

\s 

X _l  Z 

•r% 

O Z 

O u- 

O 0. 

o a. 

a Li  Li 

M 

X ►-> 

t4 

F 

1-  <-i 

F 

V 

Z 4ft 

x/ 

X 

X 

X 

* * * 

> 

F 

> 

© ui 

© 01 

© 01 

X X X 

X 

’tWO 

X 

w -X 

4ft 

4ft 

CL 

rlFC 

X 

II  z o 

II  z 

a 

II  Z Q 

CL 

O F 

X 

X z 

2 

2 

X z 

X 

O X Z 

X 

X O Ui 

X O Li 

1L  O LJ 

F F O 

' 

X 

Z O 

X 

o 

O 

O 

O 

© O 

o 

a 

Ci  s 

© 

Cl  - 

a 

a Ci 

O Z -x 

z o 

z o 

2 Z 

/x 

II  LU  Cl 

Li  Cl 

Li  Cl 

Li  Li  "s 

(Vi 

X X Z 

o 

••V  'W' 

a> 
zio 
Li  CL  Cl 
X 

i r z 

g 

X X 


CRLL  CONVSXVC.  OWNSSHIP* INFO.  LRT,  . OMNSSHIP*  INFO.  LONG, 

. OWN*SH I P < J X X,  . OWN*SHIP<JX  Y>; 

CFlLL  LRT$LONG*FGRMRT<.  OWNSSHIP* INFO.  LRT,  . LRT$STRING,  CO; 
CRLL  LRT$LONG*FORMRT<.  OWN* SH I P$ I NFG.  LONG,  . LONG*£TRING,  1>; 


EXECUT X VESCMDS  OWN^SH X F ^UPDRTE 


r\ 

X 

1- 

_J 

UJ 

5 

,s  > 

C3  . 

/"s. 

cc  a: 

►-1  % 

i—  i- 

X «X 

_i  _i 

h-  h- 

UJ  UJ 

01  _J 

a o 

* UJ 

o c 

X > ... 

2 **t 

. , . 

O X 

© 

_l  . 

•%  ^ 

a:  cc  - 

J—  H X 

a 

_l  _J  1- 

(3  2 

UJ  UJ  _l 

2 O 

C O UJ 

*-•  _l 

* * a 

X ** 

X > # 

h-  O 

. . > 

W _l 

# 

•<% 

* o 

■%  ^ 

UJ 

1—  . 

X > - 

OC 

. . cc 

X 

_J  , 

A A 1— 

u 

. J— 

►>  <->  J 

10 

•4 

01 

v I 

vvU 

UJ 

(3  * 

(3  _J 

Cl  u.  C> 

Cl' 

2 

X 

2 ** 

»-i  *-<  ** 

_j 

X i-i 

2 

O Ci 

I X X 

J— 

UJ  X 

01 

_)  _J 

01  01  . 

O 

t-  H 

X 

Vt  o 

**  V 

3 

2 > 

-J 

1-  . 

2 2 UJ 

X O UJ  X 

X 

CC  ~ 

23t- 

i-oaui 

u> 

_J  > 

O O X 

CO 

•yr 

* > 

> 

¥t  X 

. . -J 

** 

►-4 

01  UJ 

X 

H # 

v/  v,01 

X 

IS 

o ** 

_l 

2 > 

CO  CO  2 

X * * 2 

X 

i-t  2 

3 j I 

UJ  1-  H X 

01 

x o 

01  U1  X 

JUJDX 

w 

a,  o 

X X J- 

o oi  x a 

Cl 

-i  _j 

J J J 

_i 

_l 

_J  _l 

_i  _i 

-I  _J  -I 

__j j i — i 

_l 

cc  x 

XXX 

X X X X 

X 

o a 

QUO 

uoou 

o 

244 


END; 

IF  ARRAY < 2)  THEN  CALL  PR I NT f COURSE < . CRS$STRING>; 
IF  ARRAY <30  THEN  CALL  PR I NT tSPEED < . SPD$STRING>; 
END  0WN*SH I PS UPDATE; 


EXECUT  I VESCMDS  OR  X G X IM 


UJ  1-1/ 

DC  DC 

3 a 

a 

UJ  UJ 
O H 
O >1 
CL  Z 
Cl  •-< 
••  Cl 
ZUtK 

l-H  I— < Q 

OIO 
•— < I — l_J 
DC 

o 


U ,UJ  , 

UJ  t-  UJ 
J h > h . 

cd  > cd  > > 

3 CD  CD  CD 

Cl  ^ 

/\  Tf 

UJ  t V t t 

0;  v v v 


***** 


a v* 

A 

/\ 

/\ 

z (X 

Oi 

CT-i 

O H 

/A  *W 

* 

* 

■J  _l 

i-t  (3 

UJ 

UJ 

<*  UJ 

v Z 

_l 

_l 

A 

Cl  Cl 

H O 

K 

H 

a 

_J  . 

CC  _J 

t— i 

/A  *— < 

o 

_J  . 

H 

K K 

o 

■ ^ 

y 

iX  . 

_i 

X 

Z UJ 

V 

_J  v 

% 4fl 

UJ  H 

13 

- ° 

X 

K CC  01 

H 01 

z z 

UJ 

(X  H UJ 

01  > 

PH 

UJ  *1 

H 

_l  _J  CL 

> 01 

CL 

K DC 

01 

* UJ  D 

01 

H 

01  H 

> 

Ci  C)  H 

II 

in 

> 01 

01 

_l  . CJ 

II 

01  * 

O ^ 3 

A 

K U. 

. H U. 

. UJ  DC 

M ^ *->  Z 

H V f-> 

ovo  a: 

KHZ  CL 

>x  o *>» 

O _l  _J  K 

**  **  DC 

it  ci  a a a 


J vs 

DC  K >-> 
O CC  Cl 
«*  _l  CL 
O * ** 


Ul  UJ  DC 

ui  a a 


H H 

> a:  oi 
x _i  * 

* 10  CL 

> z a: 
z cc  UJ 
O CL  _J 
OKU 


«OOUJ_l_l_l_l_l_l_l_J_l 

_I_J_I_J_J_I_I-J_I 

o flcuxccacccccflca: 

Ci  ouuuuuuuo 


1 I 


CALL  SET $W I NDGW; 

CALL  PUT*OS*CENTER; 

CALL  DRAW$EVERVTHING; 

CALL  D I SPLAVf PLASMAfSCALE; 
END  ORIGIN; 


* 

* 

4 

* 

r* 

•* 

* 

* 

* 

in 

* 

* 

*n 

* 

* 

• • 

* 

* 

Cl 

* 

* 

X 

* 

4 

1- 

* 

if 

X 

* 

+ 

X 

* 

* 

3 

* 

* 

05 

* 

* 

X 

•* 

d 

* 

X 

4 

* 

* 

►H 

* 

X 

■'*' 

* 

* 

3 

* 

* 

X 

cn  /-•. 
►h  (35 

* 

UJ 

* 

z 

Cl  X 

* 

X 

4 

o 

*n  M 

* 

J- 

£ 

►H 

Cl  ** 

* 

* 

h* 

Z X 

* 

1- 

if 

o 

i-i  X 

* 

1 

* 

X 

~z 

* 

o 

* 

.-“n 

X 

* 

X 

4 

X 

*-« 

.“n 

£.  «. 

* 

X 

4 

o 

•-,  X X 

* 

4 

\ /“% 

•'••  i- 

•* 

if 

o 

Ci 

**  - ^ 

■-•  X 3 

* 

o 

«k 

•~jr 

«t  CM 

Ifi  > <* 

* 

HH 

* 

X 

X 3 

* 

h— 

4 

Pi 

3 

••  Lt: 

X . z 

* 

X 

it 

X 

X X 

UJ  HH 

* 

ZI 

* 

o 

X 

X X 

X * 3 

* 

X 

* 

% 

I 

X X 

X N . 

* 

o 

* 

X 

1- 

X 3 

3 Z 

* 

X 

* 

X 

0 X 

X -.  X 

* 

* 

X 

X 

X 

X . 

. X t— 

* 

H 

* 

0 

*n 

X 

Cl 

X X 

* 

* 

X 

J— 

'■ 

■*  X > 

* 

h 

* 

X 

-1 

z 

'•*  M 

H X X 

* 

UJ 

* 

X 

H 

X 

. V 

3 . 

* 

0 

* 

3 

H 

\ 

u; 

X 0 'w' 

* 

* 

o 

l- 

V 

0 X 

X . X 

* 

o 

* 

V 

Zll  ^ 

X 3 

* 

1- 

* 

V 

►h  li.  r\ 

XI-  J 

* 

* 

X 

0 

0 

X 3 \ 

3XX 

* 

3 

* 

1- 

2 

23 

J-  X . 

X 0 > 

* 

X 

* 

X 

►M 

»— « 

X * \ 

*n  _l  *n 

* 

X 

* 

Cl 

X 

X 

.*  i*  X 

X X Cl 

* 

X 

H 

h 

0 1-  X X X *n  X 

* 

* o . 

X 

X 

X 

Z X H 

x o *n 

* 

01 

* «-■  X 

1- 

* 

*n  ., 

II  >-i  Z *-i 

ZI  h-  liL 

* 

►H 

* J H- 

> 

HXI-X 

X 3 X 

3 * O 

* 

* X > 

X 

z 

JZJ 

X X Z 3 

2 >-«  UJ 

X t- 
^ > 
uj  r-  x 
or 

□ ii'  a 

3 UJ  CL 
X X Z 
O X X 
ODh 
X X 
CL 

-I  'X 

3^5 

Z 


O h u;  h I' 

cc  u cc  u 

il  Cl  *n  Cl  ¥t 

jC  h Z I-  2 

O X X X X 

UU1UW 
UJ 


o x 

H 10  UJ 

_J  _J  _J 

x x 0 >-  _i  _i 

UJ  UJ  X <X  'I 
Il  U.  II  Z U U 
Ll  X 

j3iC  O 

X X O 3 


Z **  J* 

X H H h- 

I-  X 3 X 

OXO 

0 UJ 

_J  _J  _l  _I 

II  *-•  _J  _J  _J 

I X X X 

X 3 O O O 


J J X X 
_l  _l  Z 3 01 
XXUIZ 
OOI-UI  J 
-J 
X 

o 


* * * * 


EXECUT X VE^CMDS  N I MO 


r 


A 

A\ 


* 

* 


Q 

LU 


Ul 

Ul 

5 

a 

UJ 


DC 

/\ 

Ul 

Cl 

oc 

LL 

U‘l 

© 

¥> 

LU 

Ci 

LU 

4k» 

CL 

Ul 

© 

£ 

2C 

•%  •■v 

UJ 

►H 

/*\  /*% 

a* 

h- 

Z 

/A 

AS 

0*1 

v 0.J 

T 

> 

UJ 

V 

I 

W DC 

DC 

•% 

H 

UJ 

UJ 

A 

..  u. 

Ll 

a: 

DC 

Ul  lL 

Ll 

© 

UJ 

H 3 

3 

LU 

1- 

O © 

© 

3 

? 

2 

DC 

1- 

UJ 

2 

UJ 

M 

\ 

s s 

Ll 

1— 

\s 

sa  CvJ 

rH 

Ll 

. L/ 

— i 

V/ 

'J 

v ac 

DC 

© 

© 

© 

© UJ 

UJ 

Z 

2» 

Z U.  A 

Ll 

V 

© 

HH 

H Ll  A lL 

1- 

© 

© 

Cl' 

dc  3 s 

3 

© 

DC 

1— 

1— 

1—  CD  . 

© 

O 

.»  O 

Ul 

Ul 

Ul  **  \ 

3 

H Ul 

* 

* 

DC 

Ll 

a 3 ** 

t—  U_  1— 

U.  H-  UJ  UJ  UJ 

* 

© © Z 

M CM  © 
II  II  II 


/A  AS  /A 

© <rl  in 

'J  V 

© dc  dc  dc 

Z UJ  LU  111 
LU  U.  IL  Li. 
Ul  U.  U. 
D3  j 
© © © 


Z _J 

■,hu;h 

© oc  u uc 

ii  a.  4*  a. 

yi-ZI- 

0 LL'  LU  Lt 

o ui  u 

LU 

-A  _l  _J  _l  _J 

© I-  3 3 3 

1 a:  © cr 

ii  z u o o 


2 J Z Ifl  h LU 


uC 

a lie 

* Cl 
© * 
Z I— 

uj  a: 
ui  a 


3 dc 


* **  * 
v-  i-  i- 

© a:  © 

Cl  a LL 


0 3 z o 

I—  CU  W J 

* O * * 

*-i  * dc 

« © o a: 

UZIUlll 
Ul  LU  X 3 

1 ui  o o 


3333333  II  3 a 
3333333  3© 

<ra:a:<Eci:cE'r:s2<rz 

oooooouoo© 


X o 
o © 


247 


J 


i 


Ill 

J 

I 

0 

ui 


Ul 

0 

I 

0 

# 

111 

> 

H 

h 

D 

(J 

LU 

X 

UJ 


* 

4 

4 

4 

* 

* 

* 

* 

* 

4 

4 

4 

4 

4 

4 


♦ 

* 

4 

4 

4 

* 

4 

4 

4 

* 

4 

4 

* 

♦ 


4 

UJ 

4 

+ 

3 

4 

4 

_l 

4 

■it 

X 

4 

4 

> 

4 

4 

4 

4 

LU 

4 

4 

-1 

4 

4 

S 

4 

4 

o 

4 

4 

Lfl 

4 

* 

4 

4 

in 

4 

o 

4 

4 

4 

4 

I 

4 

4 

CL 

4 

4 

a: 

4 

* 

5 

4 

4 

a 

4 

4 

4 

4 

UJ 

4 

4 

X 

4 

4 

H 

4 

4 

4 

4 

LU 

4 

4 

H 

4 

4 

X 

4 

A 

4 

<3 

4 

CO 

4 

i 

4 

<4  r\ 

4 

3 

4 

UJ  UJ 

4 

4 

_l  _l 

4 

O 

4 

H X 

4 

t- 

4 

►H  O 

4 

4 

i-  in 

4 

o 

4 

, t 

4 

UJ 

4 

4 

in 

4 

o uj  in 

4 

3 

4 

O Z 1-  UJ 

4 

4 

M CH  in  X 

4 

in 

4 

_IX  >3 

4 

H 

4 

uj  j—  in  j- 

4 

4 

3 in  . o 

4 

UJ 

.* 

X * ^ V 3 3 

4 

X 

’ * 

HlLUIXO 

4 

3 

4 

Ul  Z J J h u 

4 

B 

4 

xnxxinz 

4 

UJ 

4 

3 X u (J  4 h 

4 

O 

4 

3 X <*  0*1  X 3 

4 

o 

4 

111404X4 

4 

■ 

4 

(Jh-Zl—UJl— 

4 

a. 

4 

O X UJ  UJ  3 UJ 

4 

4 

x o in  a o in 

4 

••  in 

4 

X 

4 

UJ  >-i 

4 

_i  _i  _j  _i  _i 

4 

-I  X 

4 

- - _i  _j  _i  _i  _i 

4 

X H 

4 

UJ  X X X X X 

4 

a 

4 

300000 

4 

in 

4 

X 

4 

4 

o 

\ 

4 4 4 

4 4 

in 

248 


CALL  PUT*OS$CENTERj 
CALL  DRAWEE VERVTH I NG; 

CALL  D I SPL AY#PLASM A$SCRLE; 
END  SCALE; 
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CALL  CRT  * PR  TNT $STR  I HG  < . T1TLE*6>j 
CALL  SEND*CRLF; 

CALL  CRT*PR I NTtSTR I NG < . MSG$1>; 
CALL  SEHD*CRLFj 
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DO  I = 0 TO  2; 

VftLUE C I > = LflT$LONG< I ); 
END; 
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BUFFERCl)  = 2; 

BUFFER<6)  = 0; 
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